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WASHINGTON-PAEIS   LONGITUDE   BY   RADIO   SIGNALS, 

By  F.  B.  LITTELL  and  G.  A.  HILL. 

[Communicated  by  Captain  J.  A.  Hooqewerpf,  U.  S.  Navy,  Superintendent  U.  S.  Naval  Observatory.] 


A  proposal  from  Captain  J.  L.  Jayne,  U.S.N. ,  Super- 
intendent of  the  Naval  Observatory,  to  determine  the 
difference  of  longitude  between  the  Naval  Observatory 
at  Washington  and  the  Observatoire  de  Paris  at  Paris, 
France,  by  the  use  of  radio  signals  from  the  naval  station 
at  Radio,  Virginia,  and  from  the  Eiffel  Tower  station 
in  Paris,  having  been  favorably  received  by  the  French 
authorities,  preparations  were  begun  by  the  direction  of 
the  Navy  Department  early  in  the  spring  of  1913.  The 
methods  adopted  were  those  developed  by  the  French 
and  described  in  Delennination  -par  la  Tcle'graphique  sans 
Fil  de  la  Difjerence  de  Longitude  entre  Pun's  et  Bizerte  and 
other  publications. 

The  longest  distance  over  which  the  method  had 
previously  be^n  applied  was  in  the  above  mentioned 
determination  between  Paris  and  Bizerte,  which  distance 
is  about  960  miles,  and  in  order  to  make  sure  that  the 
method  could  be  extended  to  meet  the  requirements  of 
the  present  case,  the  French  government  sent  over  a 
preliminary  expedition  with  four  observers  in  March, 
191.3.  This  party  was  equipped  with  the  astrolabe  as 
modified  and  improved  by  Messrs.  Claude  and  Drien- 
COURT  for  the  determination  of  time,  and  although  it  was 
late  in  the  season  for  successful  radio  transmission  over 
so  great  a  distance,  the  party  succeeded  in  securing  a 
sufficient  number  of  radio  clock  comparisons  on  two 
nights  to  convince  them  that  the  radio  mefhod  would  be 
entirely  practicable  at  a  more  favorable  season  of  the 
year,  and  to  give  a  good  approximate  longitude  between 
the  stations  occupied.  For  a  report  of  their  work  which 
should  be  regarded  as  a  reconnaissance  preliminary  to  the 
more  extensive  work  of  the  following  season,  see  Comptes 
Rendns,  21  Juillet  1913. 

Warm  weather  being  unfavorable  for  transmitting 
radio  signals  to  great  distances,  it  was  planned  to  begin 
operations  as  early  as  possible  in  the  Fall.  For  the 
American  observers,  two  new  transits  were  ordered  from 


M.  Prin,  of  Paris.  They  were  to  be  practically  dupli- 
cates of  those  in  use  by  the  French  observers,  of  three 
inches  aperture,  thirty-three  inches  focal  length,  with 
self-registering  right  ascension  micrometers  driven  by 
electric  motor  and  controlled  by  hand,  reversible  on  each 
star,  with  hardened  steel  pivots,  and  electric  lighting.  A 
meridian  mark  and  lens  of  approximately  one  hundred  and 
fifty  feet  focal  length  was  provided  with  each  instrument. 
One  instrument  was  delivered  in  Washington  and  one  iii 
Paris  in  time  for  some  preliminary  practice  before  work 
was  begun  near  the  end  of  October.  The  director  of  the 
Observatoire  de  Paris,  M.  Baillaud,  also  very  kindly 
sent  over  one  of  his  instruments  early  in  the  summer  for 
the  American  observers  to  use  for  practice.  As  it  was 
planned  that  the  work  should  be  done  in  duplicate  by 
French  and  American  observers  working  simultaneously, 
it  was  necessary  to  erect  two  small  buildings  in  the 
Observatory  grounds  for  the  shelter  of  the  instruments. 
These  were  built  of  sheet  iron  louver  work,  and  were  pro- 
vided with  removable  roofs.  The  piers  were  made  of 
concrete. 

Captain  H.  G.  Bullard,  U.S.N.,  Superintendent 
Naval  Radio  Service,  and  his  staff,  cooperated  heartily 
in  making  the  necessary  arrangements  for  the  emission 
and  reception  of  signals  at  Radio,  and  in  securing  the 
minimum  of  interference  from  other  radio  stations. 

At  Paris  the  American  longitude  parties  were  under  the 
direction  of  Commander  H.  H.  Hough,  U.S.N.,  to  whose 
energy  and  address  the  success  of  the  preliminary  arrange- 
ments is  largely  due.  The  director  and  staff  of  the 
Observatoire  de  Paris  and  the  commandant  and  staff  of 
the  Tour  Eiffel  radio  station  made  every  effort  to  perfect 
the  arrangements  and  their  cooperation  is  acknowledged 
with  profound  gratitude.  The  American  observers  con- 
nected with  the  work  were,  for  the  first  period  at  Wash- 
ington, Prof.  F.  B.  Littell,  and  Leiut.  W.  T.  Mallison, 
U.S.N.,    astronomical    observers,    and    Ensigns    H.    E. 
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Saunders,  and  R.  A.  Lavender,  U.S.N. ,  radio  observ- 
ers; and  at  Paris,  Assistant  Astronomer  G.  A.  Hill  and 
Lieut.  C.  W.  Magruder,  U.S.N.,  astronomical  observers, 
and  Lieut.  R.  B.  Coffman,  and  Ensign  G.  S.  Gillespie, 
U.S.N.,  radio  observers.  For  the  second  period,  all  the 
observers  and  astronomical  instruments  were  inter- 
changed. 

The  astronomical  program  was  to  observe  from  7.30 
p.m.  to  1.30  a.m.  local  mean  time,  at  both  Paris  and 
Washington.  As  each  star  was  observed  with  instrument 
direct  and  reversed,  the  collimation  error  was  eliminated 
except  for  a  small  correction  depending  on  the  length  of 
the  signals  which  was  applied,  the  level  was  determined 
by  the  striding  level  between  every  two  star  observations, 
and  the  azimuth. by  means  of  readings  on' the  meridian 
marks  which  were  also  made  between  every  two  star 
observations.  With  this  program  about  five  clock  stars 
per  hour  could  be  observed.  When  possible,  three  or 
four  azimuth  stars  were  observed  each  night.  The 
observing  list  for  each  station  was  made  up  so  that  in 
any  period  of  three  hours  the  stars  were  fairly  well  bal- 
anced as  to  the  zenith.  Nearly  all  the  stars  north  of  the 
Washington  zenith  and  south  of  the  Paris  zenith  were 
coimnon  to  both  observing  lists.  The  two  astronomical 
observers  of-  each  part}'  alternated  in  observing  the  first 
and  la.'^t  half  of  the  evening. 

At  Washington  the  Riefler  standard  sidereal  clock, 
which  is  .situated  in  a  constant  temperature  vault,  and  is 
in  an  airtight  case  under  constant  pressure,  sends  its 
signals  on  the  even  seconds  (omitting  for  identification 
the  zero  second  of  each  minute)  to  a  small  break  circuit 
relaj'  which  operates  a  larg(!  7-]ioint  break  ciriu'it,  relay 
which  distributi'S  the  signals  to  the  various  instruments 
of  the  Observatory.  Only  one  of  the  .seven  points  being 
available,  it  was  used  to  operate  a  4-p()int  relay,  one  of 
whose  points  was  used  to  send  the  clock  signals  to  Radio, 
one  to  the  French,  and  one  to  the  American  chronograph. 
As  the  French  chronograph  could  operate  onlj-  on  a  make 
circuit,  and  as  the  American  could  operate  on  either,  the 
circuits  were  arranged  as  make  circuits.  By  the  above 
arrangement  the  4-point  relay  became  praqticallj'  the 
observing  clock,  and  it  was  only"neces.sary  to  determine 
the  lag  of  the  point  used  for  the  chronograph  relative  to 
that  used  to  send  the  signals  to  Radio.  This  was  done  by 
recording  on  the  chronogniph  sidereal  time  signals  alter- 
nately through  the  different  points,  while  at  the  same 
time  mean  timt;  .signals  were  being  recorded  through  an 
independent  circuit.  When  the  French  observers  arrived, 
Prof.  H.  Abraham,  of  the  University  de  Paris,  brought 
with  him  two  galvanometer  pen  chronographs  designed 
by  himself  and  especially  adapted  for  the  recording  of 
such  lugs,  and  he  very  kindly  loaned  one  to  the  Naval 
Observatory.     It  was  more  convenient  in  use  than  the 


other  arrangement  and  gave  practically  the  same  results. 
There  was  a  small  systematic  difference  of  0'.004  between 
the  results  obtained  by  the  two  methods  which  was 
attributed  by  Prof.  Abraham  to  the  superior  sensitive- 
ness of  his  chronograph.  For  a  short  period  at  the  begin- 
ning the  relative  lag  between  the  Radio  and  Americaii 
chronograph  points  was  0^010.  The  point  then  in  use 
having  been  shown  by  records  on  the  much  more  sensi- 
tive photographic  galvanometer  chronograph  of  Prof. 
Abraham  to  be  defective,  the  chronograph  circuit -was 
changed  to  the  other  available  point  of  the  relay  and 
after  adjustment  the  lag  was  0^000  and  remained  so 
throughout  the.  work.  In  general  two  records  of  -the  lag 
were  made  each  night.  The  time  from  the  closing  of  the 
contact  at  the  Observatory  to  the  reception  of  the  signal 
in'  the  telephone  jeceiver  at  Radio  was  measured  by  the 
American  radio  observers  and  l^y  Prof.  Abraham  and  was 
found  to  be  negligible. 

At  Paris  the  Riefler  clock  which  is  situated  in  a 
chamber  in  the  catacombs  at  a  depth  of  about  twenty- 
eight  meters  below  the  surface  of  the  ground  where  the 
temperature  change  is  practically  zero,  sends  its  signals 
on  the  even  seconds  (omitting  for  identificacion  the  58th 
second  of  each  fninute)  and  synchronizes  a  "clock  re^ay" 
which  distributes  the  signals  to  the  chronographs.  The 
sVnchronizing  circuit  apparently  operates  when  the  pen- 
dulum of  the  clock  relay  is  at  its  lowest  point  and  the 
signal  circuit 'is  closed  near  the  end -of  the  swing  of  the 
pendulum  so  that  the  lag  is  either  approximately  -|-  0'.5 
or  -|-  P.5  according  to  the  direction  in  which  the  pendu- 
lum is  swinging  when  it  is  synchronized,  and  as-  the 
clock  relay  omits  no  signals  for  identification  and  the 
signal  nearest  the  ^ero  of  the  Riefler  is  usuallj^  called 
zero  the  result  is  thats  the  lag  is  either  approximately 
-I-  0".5  or  —  0'.5.  If  the  control  is  out  of  action  for  a 
time  or  if  the  relay  is  stopped  and  started  again,  it  is 
readily  seen  that  the  lag  may  change  from  one  value  to 
the  other.  From  October  to  December  it  had  the  former 
value  and  from  January  to  March  the  latter.  It  was 
measured  several  times  each  night  by  an  Abraham  gal- 
vanometer pen  chronograph  and  also  usually  liy  the  r.i'liu 
observers  at  the  Eiffel  Tower  by  coincidence  meth.id-;, 
suitable  electric  connections  having  been  provide<i  u  . 
this  purpose.  The  results  of  the  two  methods  are  in 
substantial  agreement.  " 

During  the  first  period  of  the  work,  the  weather  con- 
ditions at  Paris  were  very  unfavorable  for  astronomical 
work  and  observation^  of  stars  were  secun^l  on  com- 
paratively few  nights.  The  clock  corrections  are  biised 
upon  the  positions  of  Boss'  Catalogue  of  (ilSS  stars. 
Corrections  to  these  places  have  l)een  deduced  from  tiie 
observations  themselves  but  as  their  effect  on  the  longi- 
tude is  very  small,  they  have  not  been  a|>])lied. 
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Each  star  has  been  reduced  with  the  mean  of  the  level 
and  azunuth  constants  resulting  from  the  measures  made 
before  and  after  the  observation.  The  mean  lag  correc- 
tion for  the  night  has  been  applied.  The  work  of  each 
night  has  been  reduced  to  the  mean  observer  by  the 
application  of  relative  personal  ecjuations  determined 
from  the  observations,  though  this  correction  affects  the' 
results  but  little  except  in  the  infrequent  case  where  one 
observer  secured  all  the  observations.  The  following  are 
the  personal  equation  corrections  resulting  from  a  pre- 
liminary investigation  and  as  used,  the  signs  being  appli- 
cable to  clock  corrections: 


I 

II 

LiTTELL 

0\000 

-h0\012 

Mallison 

0.000 

-0.012 

Hill 

+0  .003 

-0  .005 

Magruder 

-0  .003 

4-0  .005 

LiTTELL 

Mallison 

Hill 

Magruder 


Washington 

±0«.032 

.040 

.041 

.032 


Paris 

=t0«.040 

.041 

.046 

.044 


.A.11 
=0\034 
.041 
.043 
.037 


Xo.  Obs 
812 
618 
336 
384 


The  above  probably  errors  would  indicate  a  probable 
error  of  ±  0^008  at  Washington  and  ±  O'.OlO  at  Paris 
.  for  a  clpck  correction  from  an  average  night's  work  of 
about  twenty  stars.  The  intercomparison  of  results  by 
the  different  observers  on  the  same  instruments  and  of 
the  results  of  the  French  and  American  observers  on 
different  instruments  indicates  a  probable  error  of  clock 
correction  of  ±0'\013  for  Washington,  and  ±0'.015  for 
Paris,  which  is  considerably  larger.  The  difference  is 
due  perhaps  to  variable  personal  equations  or  imperfect 
instrumental  action. 

As  a  large  part  of  the  discordances  of  the  clock  correc- 
tions seems  to  be  due  to  the  errors  in  the  determination 
rather  than  to  irregular  running  of-  the  clocks,  an  attempt 
was  made  to  get  a  better  determination  of  the  clock 
corrections  on  the  dates  on  which  observations  were 
made,  as  well  as  for  the  dates  on  which  there  were  radio 
observations  but  no  star  observations,  by  making  a  least 
square  solution  using  equations  of  the  form 

C.  =  C\  +  N    R  +  .V-    AR 

where  C^  is  the  clock  correction  on  anj^  date  x,  Co  is  the 
clock  correction  on  the  epoch  date,  N  is  the  number  of 
days  between  these  dates,  R  is  the  daily  rate,  and  AR  is 
an  assumed  constant  acceleration  of  the  daily  rate.  How- 
ever, the  running  of  the  clocks  is  not  apparently  in  con- 


The  probable  error  of  a  clock  correction  from  a  single 
star,  including  the  errors  of  star  places  were  as  follows: 


formity  with  so  simple  a  law,  and  the  results  were  not 
satisfactory  as  the  observations  were  only  satisfied  with  a 
probable  error  of  ±0".021  for  a  clock  correction. 

The  clock  corrections  were  then  plottcnl  and  it  was 
apparent  that  with  the  aid  of  group  means,  it  woukl  be 
possible  to  draw  a  rather  smooth  curve  which  would 
represent  the  observations  of  a  series  much  better  than 
the  least  square  solution.  The  curves  are  too  irregular 
to  admit  of  general  analj^ical  treatment  but  they  are 
fairly  well  defined  and  it  is  believed  that  they  represent 
the  clock  corrections,  on  the  average,  better  for  a  given 
series  of  nights,  than  do  the  results  of  the  individual 
night's  observations.  This  is  indicated  by  a  considerable 
diminution  of  the  probable  error  for  the  longitude  from 
tl;f  seventeen  nights  on  which  time  observations  were 
secured  at  both  stations  when  the  clock  corrections  are 
taken  from  the  curve,  as  comp/ired  with  that  obtained  by 
using  the  observed  value  for  each  night.  The  curves 
satisfy  the  observations  for  Washington  with  a  probable 
error  of  ±0'.012  and  for  Paris  with  a  probable  error  of 
±0'.015.  The  use  of  these  curves  also  .-furnishes  a  means 
of  utilizing  all  the  radio  observations  on  whatever-iiights 
they  were  obtained.  It  seeras  proba])le  that-most 'of  the 
causes  which  operate,  to  produce  the  aiialK  deviations 
from  regularity  noted  in  the  running  of  good\  clocks, 
installed  so  as  to  be  effectively  protected  from  changes  of 
temperature  and  atmospheric  pressure,  act  gradually  and 
spread  their  effects  over  considerable  periods  of  time. 
Among  such  causes  are  doubtless  the  progressive  changes 
taking  place  in  the  composition  of  the  lubricating  oil  and 
the  variable  friction  due  to  the  disintegration  of  material 
in  the  bearings,  the  latter  especially  being  quite  irregular 
in  its  action  yet  probably  gradual  in  its  results  as  affect- 
ing the  clock  corrections. 

In  all  the  preliminary  reductions  daily  clock  rates  de- 
rived from  the  least  square  solution  have  been  used  and  it 
was  assumed  that  there  was  no  diurnal  variation  in  the 
rate.  However,  in  the  second  Paris  series  it  is  found  that 
almost  invariably  the  second  observer  of  a  night  obtained 
a  clock  correction  smaller  than  the  first  observer  while 
the  general  clock  rate  would  require  the  reverse  to  be 
true.  The  difference  which  averages  about  0''.04  for  a 
three-hour  interval,  is  too  large  to  be  accounted  for  by 
periodic  errors  in  the  star  places,  and  the  lag  was  meas- 
ured four  or  five  times  each  night  and  does  not  account 
for  it.  Nor  does  it  seem  plausible  to  suppose  that  there 
is  a  diurnal  variation  in  the  clock  rate.  However,  in 
order  to  test  what  effect  such  a  variation  would  have 
upon  the  longitude  each  night's  observations  were  divided 
into  two  groups  averaging  about  three  hours  apart  and 
the  mean  of  the  rates  thus  determined  was  compared 
with  the  mean  derived  from  the  daily  rates,  the  results 
being  given  below.     Apparently  there  is  little  indication 
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of  variation  at  Washington,  while  it  is  stronglj'^  indicated 
for  Paris  H.  For  all  the  series  except  Paris  I,  it  was  pos- 
sible to  eliminate  the  effect  of  personal  equation,  but  for 
that  series  it  was  necessary  to  applj'  as  a  correction  the 
personal  equation  determined  from  Washington  IL 


Mean  of  evening 
rates  (per  hour) 

Mean  of  daily 
rates  (per  hour) 

Corrections  to  daily 
rates  (per  hour) 


Washington 
I  II 


Paris 


II 


-0.0212  -0.0226  +0.0066  -0.0134 
-  .0222  -  .0184  +  .0010  +  .0020 


+  .0010  -  .0042  +  .0056  -  .0154 


As  the  epoch  of  the  Washington  tune  observations  was 
about  2]4  hours  after  that  of  the  radio  ol)servations  and 
that  of  the  Paris  time  observations  was  about  2^^ 
hours  before  that  of  the  radio  observations,  the  effect  of 
the  above  differences  on  the  resultmg  longitudes  may  be 
approximated  as  follows: 


I 
+0^017 


II 
-0».049 


Mean 
-0-\016 


At  each  station  the  program  for  the  radio  work  was 
essentially  the  same.  At  Radio,  for  example,  a  Leroy 
clock  controlled  the  emission  apparatus  so  as  to  send  out 
three  series  of  420  signals  omitting  for  identification  the 
multiples  of  sixty,  the  intervals  between  the  successive 
signals  being  approximately  0^.99,  and  each  signal  being 
0'.5  long.  The  radio  observer  observed  by  ear  bj'  means 
of  telephone  receivers  the  coincidences  of  the  outgoing 
signals  with  the  beats  of  a  mean  time  chronometer,  and 
as  the  chronometer  beat  half  seconds,  he  observed  a  coin- 
cidence about  once  in  fifty  seconds,  or  usually  seven  or 
eight  in  a  series.  He  also  noted  the  omitted  signals  in 
such  a  way  that  the  serial  numbers  of  the  signals  at  the 
coincidences  could  be  determined.  With  this  data  it 
is  possible  to  determine  the  chronometer  time  of  any 
desired  beat  in  the  series  of  420  emitted  by  the  Leuoy 
clock.  Of  the  three  series  emitted  each  night,  one  was 
intended  for  practice  work  at  the  other  station,  one  for 
the  French  observer,  and  one  for  the  American  observer. 
However,  it  soon  became  apparent  that  the  practice  scries 
was  not  needed  for  that  purpose,  and  that  two  or  even 
three  observers  coukl  listen  at  the  same  time,  so  that 
when  conditions  were  favorable  all  three  series  were 
observed  by  both  the  French  and  American  observers. 

The  incoming  signals  from  the  over-seii  station  were 
observe<l  with  considerable  difficulty,  as  a  rule,  especially 
in  the  first  period,  both  on  account  of  their  feebleness  and 
on  account  of  the  interference  of  static  or  magnetic 
storms  and  of  messages  from  near-by  commercial  sta- 
tions.    Tile  latter  were  especially  troublesome  at  Paris. 


Occasionally  the  over-sea  signals  came  in  with  great 
strength. 

The  radio  signals  having  been  compared  with  the  com- 
paring mean  time  chronometer,  this  was  in  turn  com- 
pared directlj'  with  the  standard  Riefler  sidereal  clock  of 
the  Observatory  by  the  same  coincidence  methods,  securuig 
usuall}-  four  coincidences  for  each  comparison,  and  two 
comparisons  each  night,  one  just  before  and  one  just 
after  the  radio  work.  The  intervals  between  these  com- 
parisons were  usually  from  1''.0  to  I'^.S.  During  that 
interval,  of  course,  reliance  is  based  entirely  on  the  rate 
of  the  chronometer. 

From  the  comparisons  of  the  signals  from  the  emittmg 
clock  with  those  from  the  comparing  chronometer,  it  is 
possible  to  obtain  a  chVonometer  time  from  each  coin- 
cidence for  any  signal  in  the  series  selected  as  a  reference 
signal,  and  bj-  means  of  the  comparisons  of  the  compar- 
ing chronometer  with  the  Riefler  clock  and  the  deter- 
mined corrections  to  this  clock,  it  is  possible  to  obtain 
the  local  sidereal  time  of  this  reference  signal.  In  order 
to  eliminate  the  errors  in  the  assumed  rate  of  gain  of  the 
emitting  clock  on  the  comparing  chronometer  due  to 
errors  of  observation,  the  signal  whose  number  in  the 
series  corresponds  to  the  mean  of  the  numbers  of  the  sig- 
nals at  which  coincidences  were  observed  should  be  taken 
as  the  reference  signal.  As  this  number  is  different  for 
the  two  stations,  the  signal  correspon  ling  to  the  mean  of 
the  two  numbers  was  used  as  the  reference  signal,  and  in 
this  way  these  errors  were  rendered  negligible  though  not 
completely  eliminated.  Having  determined  the  local 
sidereal  time  of  the  reference  signal  at  Washington  and  at 
Paris,  the  difference  of  these  times  is  the  difference  of 
longitude. 

The  following  are  the  probable  errors  of  the  detluced 
time  of  the  reference  signal  depending  on  a  single  coin- 
cidence for  the  different  radio  observers,  as  derived  from 
the  results  of  the  separate  coincidences: 


RiEFLKR 

Emission 

Kcception 

Comparison 

Signals 

Signals 

COFFMAN 

±0^0032 

±0\0057 

±0'.0111 

Gillespie 

.0031 

.0070 

.0150 

Saunders 

.0026 

.0050 

.0093 

Lavender 

.0038 

.0061 

.0109 

It  will  be  noticed  that  the  principal  source  of  error  lies 
in  the  observation  of  the  reception  signals,  as  was  to  be 
expected  on  account  of  their  extreme  feebleness.  In 
combining  the  work  of  the  different  observers,  that  of 
Gillespie  was  given  one  half  weight. 

The  above  probable  errors  give  for  the  probable  error 
due  to  the  radio  work  of  a  longitude  from  one  series  of 
signals  observed  mider  average  conditions  with  four 
Riefler  coincidences,  seven  emission   coincidences,  and 
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four  reception  coincidences,  ±0^006,  but  by  intercom- 
paring  the  results  from  different  series  on  the  same  night 
the  following  much  larger  probable  errors  for  a  series 
were  obtained,  from  which  it  is  inferred  that  there  is 
considerable  systematic  error  in  each  series,  perhaps  due 
to  the  fact  that  the  observers  after  having  secured  the 
first  coincidences  knew  just  when  to  expect  the  next  ones 
and  were  unconsciously  somewhat  influenced  by  that 
knowledge.  It  would  perhaps  have  been  a  better  plan 
to  have  recorded  the  coincidences  and  emissions  by  the 
use  of  an  auxiliary  chronograph  and  to  have  avoided 
counting  entirely. 


COFFMAN 

±0'.023 

Gillespie 

±    .029 

Saunders 

±    .018 

Lavender 

±    .020 

From  the  nature  of  the  comparisons,  a  long  signal  with 
a  short  chronometer  tick,  there  is  evidently  the  possibil- 
ity of  considerable  personal  equation.  In  fact,  there 
seems  to  have  been  a  range  at  each  station  of  several 
seconds  between  the  observers  in  the  average  times  of 
getting  coincidences.  Assuming  that  these  personal 
equations  remained  constant  their  effect  is  eliminated  by 
the  interchange  of  observers.  Even  if  they  did  not 
remain  constant,  it  is  probable  that  the  changes  have 
been  relatively  small  so  that  their  effect  has  been  very 
largely  eliminated. 

As  Messrs.  Coffman  and  Gillespie  frequently 
observed  the  same  series  it  is  possible  to  determine  their 
relative  personal  equations  directly.  It  is  also  possible 
to  deduce  the  relative  equations  of  Messrs.  Saunders 
and  Lavender  by  indirect  methods.  The  following  are 
the  results,  in  general,  Coffman  and  Lavender  getting 
coincidences  later  than  Gillespie  and  Saunders.  These 
relative  personal  equations  have  not  been  used  in  the 
reductions. 

C  — G.  L.— S. 

I     Emission  +0^014       -|-0^017 

I     Reception  +    .021       +    .003 

II     Emission  +    .007       -    .001 

II     Reception  +    .007  .000 

The  nights  on  which  radio  observations  were  made  at 
both  stations  are  especially  adapted  for  the  determination 
of  the  transmission  time,  as  the  results  from  such  nights 
are  free  from  the  errors  in  the  adopted  clock  corrections, 
though  not  from  those  of  the  adopted  clock  rates,  as  may 
be  seen  from  the  following: 


Let  Xo 


=  the  true  longitude. 

=  the    longitude    from    signals   re- 
ceived at  Paris. 


Xw  =  the    longitude    from    signals   re- 

ceived at  Washington. 

D  =  the  distance  from  Paris  to  Wash- 

ington. 

V  =  the  velocity   of    transmission    of 

the  signals. 

Tp  and  T^  =  the  clock  times  of  a  signal  from 

Washington     as     observed     at 
Paris  and  Washington. 

Tp'  and  T^,'  =  the  clock  times  of  a  signal  from 

Paris  as  observed  at  Paris  and 
Washington. 

ATop  and  ATow  =  the  adopted  clock  corrections  at 
Paris  and  Washington  for  any 
time  To. 

8Tp  and  57^w  =  the  adopted  clock  rates  at  Paris 

and  Washington. 


Xp  and  X„ 
Yp  and  Y^, 


=  the  corrections   to  reduce   clock 
corrections  to  true  values. 

=  the  corrections   to  reduce   clock 
rates  to  true  values. 

CGep  and  CG^p  =  the  average  personal  equations  of 
Coffman  and  Gillespie  for 
emission  and  reception  signals 
at  Paris. 

<SLew  and  <SLr„  =  the  average  personal  equations  of 
Saunders  and  Lavender  for 
emission  and  reception  signals 
at  Washington. 

Then  (1)      Xp    =  Tp  +  A^p  +  8Tp  (Tp  -  To)  -  T^ 
—  ATow  —  5Tw  {Ty,,  —  To) 

(2)      Xo    =  Xp  -  ^.  +  CGrp  +  A'p  +  Yp  (Tp  -  To) 


SL^ 


Aw       ^  v/  iJ VI  ~  To) 


(3)  Xw   =  Tp'+  ATop  +  5Tp  (Tp'  -  To)  -  T'„ 

—  ATow  —  5i  w  [Tyf   —  To) 

(4)  X„    =  Xw  +  ^  +  CG^p  +  Xp  +  Yp  {Tp'  -  To) 


SL. 


Yw  (^w   ~  To) 


And  from  (2)  and  (4) 

2D 
Xp  —  Xw  =  ~Y    I    ^ "^EP       (^Ggp  -\-  1  p  (1  p   —  I p) 

and  after  the  interchange  of  observers 

Xp  —  Xw  =  -y-  +  SLep  —  SLgp  +  Yp  {Tp'"  —  Tp") 

1       ^  l^EW  ^  fjRW  ^  W      \J-  W  ^wj 

The  effect  of  errors  in  the  adopted  clock  rates  is  small 
because  of  the  short  interval  between  the  mean  times  of 
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the  observations  of  signals  in  opposite  directions.  These 
errors  are  also  accidental  in  character.  The  effect  of 
personal  equation  is  not  eliminated  but  it  is  probably  true 


that  the  personal  equation  of  each  observer  was  nearly 
the  same  for  emission  and  reception  signals,  in  which  case 
the  effect  of  these  errors  is  small. 


Observed  Values  of  the  Double  Transmission  Time. 


Double  transmission  time  from  I 
Double  transmission  time  from  II 
Double  transmission  time  from  All 


Double 

Double 

1913 

Transmission 
Time 

Interval 

Wt. 

1914 

Transmission 
Time 

Interval 

Wt. 

Nov.    19 

+  0'.200 

0'-.2 

0.5 

Jan.  22 

-0^00] 

0h'.2 

0.8 

20 

+        40 

0    .5 

1.3 

23 

+      39 

0    .4 

1.5 

21 

+       50 

0    .6 

0.8 

24 

+     134 

0    .2 

0.3 

24 

+     123 

0    .4 

0.5 

26 

+       45 

0    .2 

2.2 

25 

+  ■     22 

0    .2 

1.3 

28 

+       52 

0    .0 

1.7 

26 

+       88 

0    .2 

1.1 

29 

+       32 

0    .2 

1.5 

27 

-       18 

0    .1 

0.8 

30 

+       66 

0    .0 

2.7 

Dec.      3 

4 

0    .3 

1.0 

31 

+       69 

0    .2 

2.5 

.       8 

+       3G 

0    .4 

1.3 

Feb.  3 

+       19 

0    .2 

1.2 

10 

8 

0    .2 

0.9 

7 

+       52 

0    .0 

1.5 

11 

+       36 

0    .2 

1.9 

9 

+       52  ■ 

0    .0 

1.7 

12 

-       17 

0    .2 

1.5 

10 

+       18 

0    .2 

2.2 

15 

+       84 

0    .2 

1.9 

16 

+       23 

0    .0 

1.1 

16 

+       46 

0    .0 

3.2 

17 

+       37 

0    .2 

1.2 

18 

+       69 

0    .1 

2.0 

18 

+       20 

0    .3 

1.2 

19 

+       41 

0    .1 

1.7 

20 

+       31 

0    .1 

0.4 

20 

+      111 

0    .3 

2.0 

25 

+       40 

0    .3 

1.0 

23 

+       75 

0    .2 

1.8 

26 

+       47 

0    .4 

1.7 

29 

82 

0    .0 

0.4 

30 

44 

0    .2 

0.9 

31 

+       44 

0    .0 

2.7 

0'.0461 

±0=.0068 

21  nights 

.0431 

±0.0033 

18  nights 

.0437 

±0.00.39 

39  nights 

The  distance  from  Paris  to  Washington  being  3830 
miles,  the  above  transmission  time  corresponds  to  a 
velocity  of  175,000  ±  16,000  miles  per  second. 

The  transmission  time  from  Paris  to  Bizerte  (see  Dif- 
ference <le  Longitude  entre  Paris  et  Bizerle,  p.  107),  was 
determined  to  be  0'.0071,  and  as  the  distance  is  963  miles, 
this  corresponds  to  a  velocity  of  136,000  miles  per  second. 

The  correction  for  time  of  transmission  as  determined 
above  has  been  applied  to  all  the  longitude  results.  All 
of  the  available  radio  observations  for  each,  night,  omit- 
ting series  in  which  but  a  single  coincidence  was  observed, 
have  been  combined  to  form  a  single  longitude  determina- 
tion. There  were  nine  nights  in  the  first  period  and 
eight  nights  in  the  second  period  when  astronomical 
observations  were  secured  at  both  stations  and  when 
radio  observations  were  made  at  one  or  both  stations. 
There  were  also  five  additional  combinations  of  nights  in 
the  first  period,  and  five  in  the  second  period  when  inde- 
pendent longitude  determinations  can  be  obtained  by 
carrying  the  clock  correction  at  one  or  both  stations  for 
from  one  to  three  days  by  means  of  the  clock  rate.  In 
view  of  the  excellent  installation  and  good  performance  of 


the  clocks  at  both  observatories,  this  is  considered  a  safe 
proceeding  in  the  present  case.  The  weight  assigned  for 
the  longitude  of  a  night  is  based  on  the  number  of  series 
of  radio  observed,  the  number  of  coincidences  observed  in 
the  series,  the  number  of  stars  observed,  and  the  number 
of  days  the  clock  corrections  have  been  carried  by  the 
rates.  The  following  table  gives  the  data  available 
the  results  obtained  on  these  nights. 

From  the  data  of  the  following  table  values  of 
observed  longitudes  have  been  deduced  for  the  first 
second  periods  of  the  work: 


and 

the 
and 


I 
II 


17"'     36\616 
17       36.811 


=0\0115 
=  0.0054 


By  applying  the  correction  — 0^056  to  each  in  onier  to 
reduce  to  the  adopted  meridians  of  Washington  and  Paris 
respectively,  and  taking  the  mean  the  following  longitude, 
Wa.shington-Paris,  is  obtained. 

5'-  17'"     36".658     =t0'.0059     (.4) 

The  probable  error  a.ssigned  is  ba.sed  on  the  assumption 
that    the  difference  lu'tween    I    .-mil    11    i-;  due  chirflv   to 


N"'-  673-674 


THE    ASTRONOMICAL    JOURNAL 


Longitudes  Based  on  Observed  Clock  Corrections. 


I 

11 

No. 

No.  Sets 

No. 

No  Sets 

- 

IDIH 

Stars 

Radio 

Longitude 

Wt. 

1911 

Star.s 

Radio 

Longitude 

Wt. 

W        P 

W     P 

W        P 

W      P 

Oct.     31 

18 

3? 

5hl7"'36».679 

1.1 

Jan.   21 

9     16 

3 

5H7'"36^858 

1.1 

Nov.      1 

27 

1 

24 

30 

3     2i 

.818 

1.5 

4 

32 

2(. 

.619 

0.9 

26 

12 

5 

25 

i 

31 

24     21 

5     2 

.856 

1.7 

7 

11     29 

1 

.602 

0.6 

Feb.     2 

29    .25 

5 

.808 

1.6 

11 

23 

si 

3 

21     25 

1     2 

.842 

1.4 

13 

8 

.697 

1.0 

4 

10    29 

1 

.781 

0.9 

16 

9 

■.[ 

5 

28 

2     2> 

.828 

1.5 

17 

32 

.678 

0.9 

7 

24 

19 

19     26 

1    1 

.606 

1.0 

9 

23       4 

3     2 

.771 

0.7 

25 

12 

) 

10 

22 

4    2  } 

.777 

1.5 

27 

... 

.706 

1.1 

11 

27 

1    r 

29 

11 

17 

25     20 

2    3 

.790 

1.6 

Dec.       8 

21     17 

1     3 

.535 

1.5 

21 

27 

'\ 

.808 

1.1 

13 

24     30 

1 

.560 

1.0 

24 

22 

19 

36     18 

2     4 

.574 

1.6 

24 

16 

} 

20 

34    35 

2     5 

.543 

1.6 

25 

7 

2     l\ 

.828 

1.0 

23 

20      9 

2     4 

.645 

1.3 

26 

21     20 

2    2 

.767 

1.6 

31 

7      8 

3     3 

.662 

0.9 

27 

25     26 

1 

.798 

1.0 

differences  of  personal  equation  between  the  astronomical 
and  radio  observers  of  the  two  parties  and  other  similar 
errors  and  that  the  effects  of  those  errors  are  eliminated 
in  the  mean.  The  extent  to  which  this  is  the  case  will  be 
shown  further  on. 

If  the  longitude  is  based  on  the  seventeen  nights  on 
which  astronomical  observations  were  made  at  both  sta- 
tions, the  result  is 

5^  17'"     36-\642     =t0\0065     (B.) 

If  the  longitude  is  based  on  clock  corrections  derived 
from  the  common  stars  observed  the  same  nights  at  both 
stations,  thus  eliminating  the  errors  of  the  star  places, 
the  number  of  nights  is  reduced  to  fifteen,  and  the  result 
is 

5''  17-    36^628     ±0^0061     (C). 


If  the  longitude  is  based  on  clock  corrections  derived 
from  the  three  hour  group  nearest  the  time  of  the  radio 
comparisons  at  each  station  thus  reducing  the  effect  of 
errors  in  the  adopted  clock  rates,  the  number  of  nights 
is  reduced  to  fourteen  and  the  result  is 

5'>  17"'     36^629     ±0'.0073     (D). 

If  the  longitude  is  based  on  the  seventeen  nights  as  in 
(S)  but  using  clock  corrections  from  the  curve  instead  of 
the  observed  clock  corrections  for  each  night,  the  result  is 

5'>  17'"     36^652     ±0^0042     (B). 

By  the  use  of  the  clock  corrections  derived  from  the 
curve,  all  the  radio  observations,  made  on  67  nights,  can 
be  utilized.  The  following  table  gives  the  data  available 
and  the  results  obtained  bv  this  method. 


Longitudes  Based  on  Plotted  Clock  Corrections. 


1                      1 

II 

No.  Sets 

No;  Sets 

1913 

Radio 

Longitudo 

Wt. 

1914 

Radio 

Longitude 

Wt. 

W        P 

W         P 

■    Oct.  31 

3 

5l'17■°36^657 

1.2 

Jan.   21 

3 

5•'17'"36^831 

1.3 

Nov.   4 

2 

.659 

1.0 

22 

1 

2 

.782 

1.4 

7 

1 

.683 

0.7 

23 

1 

3 

.804 

1.6 

13 

3 

.703 

1.2 

24 

1 

1 

.880 

0.8 

15 

2 

.725 

1.2 

26 

3 

2 

.842 

1.6 

17 

2 

.685 

1.0 

27 

2 

.852 

1.2 

19 

1 

1 

.619 

1.0 

23 

2 

3 

.820 

1.6 
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Longitudes  Based  on  Plotted  Clock  Corrections.     (Continued.) 


I 

11 

No.  Sets 

No.  Sets 

1 

1913 

Radio 

Lonssitiide 

\Vt. 

1914 

Radio 

Longitude 

\Vt. 

W        P 

W         P 

Nov.  20 

2          1 

.5''17"'36^665 

1.5 

Jan.   29 

2 

2 

si'n^se^sog 

1.5 

21 

1          2 

.687 

1.3 

30 

4 

3 

.816 

1.7 

22 

1 

1.823]* 

[0.7] 

31 

5 

2 

.812 

1.7 

24 

1           1 

.639 

1.0 

Feb.     2 

5 

.839 

1.6 

25 

2          1 

.590 

1.5 

3 

1 

2 

.817 

1.4 

26 

2          2 

.611 

1.5 

4 

1 

.815 

1.0 

27 

2          1 

.655 

1.4 

5 

3 

.807 

1.4 

28 

3 

.576 

1.3 

7 

2 

2 

.831 

1.5 

29 

2 

.631 

0.9 

9 

3 

2 

.829 

1.6 

Dec.    3 

1       i 

.617 

1.3 

10 

4 

2 

.813 

1.6 

4 

1    1 

.609 

0.3 

11 

1 

.833 

0.7 

5 

2 

.647 

1.3 

14 

4 

.815 

1.4 

6 

2 

.572 

0.7 

16 

2 

2 

.805 

1.5 

8 

1          2 

.561 

1.5 

17 

2 

3 

.820 

1.6 

9 

1 

.562 

1.0 

18 

2 

2 

.805 

1.4 

10 

1          2 

.589 

1.3 

19 

3 

.818 

1.3 

11 

3          2 

.578 

1.6 

20 

1 

2 

.784 

1.4 

12 

2         2 

.626 

1.5 

21 

2 

.777 

1.3 

13 

1 

.574 

1.0 

25 

2 

1 

.765 

1.3 

15 

3         2 

.549 

1.6 

26 

2 

2 

.795 

1.6 

16 

3         6 

.615 

1.7 

27 

1 

.791 

1.0 

17 

1 

.610 

1.0 

Mar.    5 

2 

.800 

1.3 

18 

3         2 

.557 

1.6 

19 

2         4 

.604 

1.6 

20 

2          5 

.565 

1.6 

22 

2 

.576 

1.2 

23 

2          4 

.601 

1.6 

- 

26 

2 

.600 

1.0 

27 

1 

..544 

1.0 

29 

3          1 

.619 

1.4 

[ 

30 

3          2 

.609 

1.6 

31 

3     ,     3 

.633 

1.7 

*  Rejocted  ;    radio  obscrver'.s  note,  "  \'pry  poor." 

From  the  above  data  the  following  values  of  the 
observed  longitude  for  the  first  and  second  periods  of  the 
work  have  lieen  deduced: 


I 

5h      17n, 

36".614 

±0\0049 

I 

5     17 

36  .813 

±0  .0027 

By  applying  the  correction  —  0'.056  to  each  to  reduce 
to    the    adopted    meridians    of    Washington    and    Paris 


respectively,  and  taking  the  mean,  the  following  longi- 
tude, Washington-Paris,  is  obtained: 

5"  17"'  3(5  .fioS      -0.0029     (F) 

This  value  is  considered  the  best  of  the  si.\  given 
above,  which,  though  preliminary,  will  not  differ  mate- 
rially from  the  definitive  values  to  be  published  in  an 
appendix  to  Volume  IX,  Publications  of  the  I'.S.  Xaral 


Correction  due  to  diurnal  variation  in  clock  rates 

Correction  due  to  lag  determination  for  Paris  I 

Correction  due  to  variation  of  longitude 

Correction  due  to  systematic  diftVrenccs  in  levels 

Correction  due  to  difference  of  radio  observers  personal  equations 

Correction  due  to  difference  of  astronomical  observers  personal  equations 


I 
-|-0».017 
-I-  .010 
-I-  .001 
+  .026 
-I-  .020 
-    .028 


II 
-0-.049 

-  .009 

-  .030 

-  .020 
-I-  .008 


Total 


4-0*.046 


-OMOO 
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Observatory,  Second  Series.  With  respect  to  the  probable 
error  assigned,  it  is  to  be  repeated  that  it  is  based  on 
the  assumption  that  tlie  difference  between  I  and  II  is 
principally  due  to  errors  whose  effect  is  eliminated  in  the 
mean.  There  seem  to  have  been  a  number  of  causes 
which  have  contril)uted  to  produce  this  difference.  The 
corrections  due  to  tliese  causes  are  in  some  cases  some- 
what uncertain.  As  far  as  they  have  been  investigated 
they  are  tabulated  in  order  to  show  that  there  has  been 
a  fairly  complete  elimination  of  such  errors  in  the  mean 
value  of  the  longitude  which  has  been  adopted  above. 

The  first  correction  has  already  been  explained.  If 
the  results  of  the  French  observations  should  confirm  the 
existence  of  the  diurnal  variations  in  the  clock  rates,  the 
longitude  results  should  be  corrected  accordingly. 

The  second  correction  is  due  to  a  slight  change  made  in 
the  installation  for  determining  the  lag  at  Paris  at  the 
beg  inningof  period  II,  in  order  to  make  the  installation 
there  uniform  with  that  at  Washington.  The  amount  of 
this  correction  is  based  on  observations  but  is  subject  to 
considerable  uncertainty. 

The  third  correction  has  been  estimated  for  period  II, 
as  the  results  of  the  observa.tions  for  this  correction  have 
not  yet  been  published  for  the  year  1914. 

The  fourth  correction  is  on(>  indicated  by  the  results  of 
comparisons  made  after  the  instruments  had  been  re- 
turned to  Washington.  Such  systematic  differences 
between  levels  have  been  found  in  the  past  at  this  obser- 
vatoi-y. 


The  fifth  correction  is  based  on  statements  made  by 
the  radio  observers  as  to  their  relative  times  of  obtaining 
coincidences  during  the  work  and  during  preliminary 
practice  when  all  of  them  worked  together. 

The  sixth  correction  is  based  on  a  determination  of  the 
relative  personal  equation  between  Littell  and  Hill 
made  after  the  return  to  Washington.  As  a  result  of 
three  nights'  work,  it  was  found  that  at  that  time  Littell 
observed  later  than  Hill  by  0'.02.5  ±0\007.  The  cor- 
rections given  are  the  differences  between  those  resulting 
from  this  determination  and  those  already  applied  to 
reduce  to  the  mean  of  the  two  observers  at  eacih  station. 

The  following  values  of  the  observed  longitude  are 
obtained  by  applying  the  above  corrections : 


I 

51,  i7„> 

36\660 

±0\0056. 

I 

5     17 

36  .713 

±0.0043. 

By  applying  the  correction  -0^056  to  each  to  reduce 
to  the  adopted  meridians  of  Washington  and  Paris  re- 
spectively, and  taking  the  mean  the  following  longitude, 
Washington-Paris,  is  obtained: 

51,  17m     36s  630     ±o^0037. 

These  probable  errors  are  based  on  the  residuals  formed 
by  comparing  the  corrected  results  of  the  individual 
nights  with  the  general  mean. 

Previously  determined  values  of  the  trans;itiantic 
longitudes  are  as  follows: 


From  Eclipses  and 
Occultations 

1 .  Walker 

2.  Peirce 

3.  Peirce 

4.  Peirce 


-1843 
1851 
1839 
1856-1861 


Washington,  Old  Obs'y 
—  Greenwich 


Washington,  New  Obs'y 
—  Paris 


11  .57 
]  1  .45 
13.13 


17" 


=  0.3 


35^70 
36.13 
36.01 
37.69 


From  Moon  Culmination: 

5.  W.\LKER 

6.  Loomis 

7.  GiLLISS 

8.  Walker 

9.  Newcomb 
10.  Newcomb 


1843-1845 

1838-1844 

1838-1842 

1845 

1846-1860 

1862-1863 


10».01 
9.3 

10.04 
9.60 

11  .6 
9.8 


=  0».4 


34'.57 
33.86 
34.60 
34  .16 
36.16 
34.36 


From  C'liroinjm-ter- 
11 

12.  Bond 

13.  Walker 

14.  Bond 

15.  Bond 


-1849 


1849 
1849 
1849 
1855 


12'.46 

11  .14 

12.00 

12.20 

±0».20 

13  .43 

±0.19 

37\02 
35.70 
36.56 
36.76 
37.99 
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By  Cable 

Cambridge 
—  Greenwich 

W 

ashington,  New  Ob.s'y 
—  Paris 

16. 
17. 
18. 

Gould 
Dean 

HiLGARD 

1866 
1870 
1872 

4''  44'"  30'.891 
31  .065 
31  .016 

±0\090 
±0  .056 
±0.041 

5''  17'" 

36'.o6 
36  .73 

18. 

Hilgard 

1872 

Cambridge  — 
4''  53'"51'.951 

-  Paris 
±0'.051 

36'.69 

19.   Greenwich  Obs'y- 

—  McGill  University      1892 


Montreal  —  tlreenwioh 
4'>  54™  18=  .62       ±0».024 


36».70 


In  reducing  these  longitudes  to  Washington-Paris,  the 
following  adjusted  differences  of  longitude  have  been 
used. 

20.  Greenwich  -  Paris  0"    9-  20».932 

21.  Washington  —  Cambridge  0   23     41.107 

22.  Montreal  —  Cambridge  0     9     47  .588 

23.  Washington,  New  Obs'y.— Old  Obs'y.  0     0       3  .631 

The  Washington-Paris  longitude  given  in  the  Ameri- 
can Ephemeria  and  Nautical  Almanac  for  1901  to  1915, 
5*"  17""  36\75,  is  correlated  with  the  Paris-Greenwich 
longitude,  9"  20'.97,  which  has  been  superseded  by  the 
value   9'"   20^93,   corresponduig  to  a  Washington-Paris 


1-15.      U.  S.  Coast  Survey  Report,  1867,  pp.  59,  60. 
16,  17,  IS.     U.  S.  Coast  and  Geodetic  Siirvey  Report,  1897,  pp.  247, 
248,  see  also  p.  241  and  1872,  p.  234  and  1884,  p.  429. 

19.  Royal  Observatory  Greenwich.     Determination  of  Longitude, 
1888-1902,  p.  124. 

20.  Astronomische  Nachrichten,  No.  3993,  p.  157. 

21.  22,  23.     f/.S.  Coast  and  Geodetic  Survey  Report,  1897,  pp.  253, 
260. 


longitude  of  5''  17'"  36\71.  This  value  depends  on  the 
Washingt.on-(!ireenwich  longitude  resulting  from  the 
adjustment  made  by  Schott,  (1)  which  is 

5''  8'"     15^78     ±0».05 

This  longitude  depends  largely  upon  the  result  of  the 
1892  cable  determination  of  the  longitude  Montreal- 
Greenwich.  At  the  time  of  the  adjustment  only  the  pre- 
liminary value  of  this  result  was  available.  As  the  defin- 
itive value  gave  a  correction  of  —  0'.05  to  the  preliminary 
value,  it  is  evident  that  Schott's  value  of  the  longitude 
Washington-Greenwich  is  too  large. 

Assuming  the  Greenwich-Paris  longitude  (2)  to  be 

0''  9'"     20\932     ±0».014 

the  Washington-Greenwich  longitude  i-esulting  fnim  the 
present  determination  is 

5"  8     lo%726      ±0.0 14. 

(1)  U.  S.  Coast  ami  Geodetic  Survey  Report,  1897,  pp.  254,  256, 
260. 

(2)  Astrononmche  Nackrklili-n,  No.  3993,  p.  157. 


OBSERVATIONS    OF    THE    SIXTH    SATELLITK    OF    JUPITKli, 

MADE    WITH   THE   26-INCH   EQUATORIAL   OF   THE    U.S.    NAVAl,   OKSKUVATOUY. 

By  J.  B.  EPPES. 
[Communicated  by  Captain  J.  A.  Hoogewerff,  U.S.  Navy,  Superintendent.] 


Date  Wash.  M.T. 


Comp 


da 


Ad 


1910 

Apr. 


8 
10 

r«,  13 
Mar.  24 

31 
Apr.  24 

26 
June    I 


ta      III 

11  37 

13  52 

12  24 
15     4 

14  48 

12  42  40 

13  19  39 
10  10  35 


15 
13 
53 
10 
30 


1 

18,0  . 

1 

18,6 

2 

20,7 

3 

25,5 

4 

18,6 

5 

30,6 

6 

30,6 

7 

29,6 

-1-0  27.67 


18.27 
8.47 
+2  55.46 
4-1  11.76 
-1  29.31 
-0  .52.63 
-2  44.22 


-0 
+4 


0  21.4 

5  .56.6 
9  32.4 
7  17.6 

1  6.2 

6  48.0 
-11  33.4 
-1-  0  59.5 


+ 


+ 
+ 


App.  a 


h         III     ^ 

12  31  39.90 

12  30 

53.96 

12  29 

51.88 

14  49  49.00  1 

14  47 

21.96 

14  35 

8.36 

14  33 

.50.46 

14  14 

18.76 

App.  S 

1  51 

1  45 

1  36 

14  45 

■14  3S 

•13  58 

■13  53 

■12  37 


logp  A 


d 


19.5 

8.372 

0.757 

1.4 

9.4.59 

0.753 

20.2 

9.200 

0.754 

43.3 

8.637 

0.848 

41.1 

8.Sl)l 

0.847 

17.1 

8.518 

0.844 

58.9 

9.101 

0.840 

36.0 

8.843 

0.836 

+  1.10 
-M.IO 

+  1.11 
+0.94 
+  1.01) 
+  1.47 
+  1.48 
+  1.66 


Red.  to  App.  PI. 


-  7.8 

-  7.7 

-  7.6 

-  9.9 

-  10.5 
-12.1 
-12.1 
-12.5 
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Mean  Places  of  the  Comparison- Stars  for  the  Beginning  of  the   Year. 


* 

a 

S                                 Authority 

* 

a 

S 

Authority 

1 

2 
3 
4 

h      m      8 

12  31  11.13 
12  25  42.30 
14  46  52.60 
14  46    9.14 

O            f           It 

-  1  50  50.3 

-  1  26  40.2 
-14  38  15.8 
-14  39  36.8 

A.G.  Nicolajcw     3431 
A.G.  Nicolajew      3424 
A.G.  Washington  5492 
A.G.  Wa.shington  5478 

5 

6 
7 

h       in       3 

14  36  36.20 
14  34  47.61 
14  17     1.32 

-14    4  53.0 
-13  42  13.4 
-12  38  23.0 

A.G.  Camb.,  U.S.  11   5153 
A.G.  Camb.,  U.S.  11  5141 
A.G.  Camb.,  U.S.  II  5047 

OCCULT ATIONS   OF   STARS   BY   THE    MOON, 

OBSERVED    WITH    THE    26-lNCH    A.N'D    12-INCH    EQUATOEIALS'  Or   THE    U.  S.  NAVAL   OBSEBVATOIiY, 

[Communicated  by  Captain  J.  A.  Hoogewerfp,  U.  S.  Navy,  Superintendent]. 


Date 


Object 


I  I 

PJien.  1  Wash.  Sid.  T. 


1913 

June 


July 


Aug. 
Sept. 


Oct. 

Nov. 


Dec. 


12  1 

12  1 

24  I 

24 

24  ! 

24  i 

13 

13 

13 

13 

21 

21 

21 

21 

8 
24 
24 
24 
24 
20 
20 
17 
17 
17 
17 
20 
20 
20 
20 

5 

5 

5 
12 
12 
12 
12 
■13 
13 
13 
13 
15 
15 
21 
21 


/  Virgmifi 

/  Viryinis 

317  B.  Aquarii .  .  . 
317  B.Aquarii.  .  . 
317  B.Aquarii.  .  . 
317  B.  Aquarii .  .  . 

TT  Scorpii 

TT  Scorpii 

TT  Scorpii 

TT  Scorpii 

h  Aquarii 

/(,  Aquarii 

h  Aquarii 

/)  Aquarii 

17  (i.  Libra  .... 

4  Cancri 

4  Cancri 

4  Cancri 

4  Cancri 

49  Aurigce   

49  Auriga'  

134  /?.  Cemi riorum 
134  B.  (ieminorurn 
134  B.  (ieminorurn 
134  B.  (I'eminorum 

34  Leon  is 

34  Leonis 

34  Leonis 

34  Leonis 

96  Aquarii 

96  Aquarii 

96  Aquarii 

38  B.  A  urigcE .  .  . 
38  B.  A  urijce .  .  . 
38  B.  Aurigce .  .  . 
38  B.  Aungm.  .  . 

406.8.  Tauri 

406  5.  Taun 

406  5.  Tauri 

406  B.  Tauri 

35  B.  Cancri.  .  .  . 
35  B.  Cancri .  .  .  . 

i  Virginis  .... 
i  Virginis 


DD 
KB 
DB 
HD 
DB 
RD 
DD 
RB 
DD 
RB 
DB 
RD 
DB 
RD 
DD 
DB 
RD 
DB 
RD 
DB 
DB 
DB 
RD 
DB 
RD 
DB 
RD 
DB 
RD 
DD 
RB 
DD 
DD 
RB 
DD 
BB 
DB 
RD 
DB 
RD 
DB 
DB 
DB 
RD 


13 
14 
19 
20 

19 

20 

16 

17 

16 

17 

20 

20 

20 

20 

17 

4 

5 

4 

5 

1 

1 

2 

3 

2 

.3 
5 
6 
5 
6 
0 
1 
0 
7 
8 
7 
8 
0 
1 
0 

1 

11 
11 

10 

11 


28 

38 

16 

3 

16 

3 

25 

50 

25 

50 

1 

59 

1 

59 

3 

36 

31 

36 

31 

52 

52 

4 

8 

4 

8 

58 

23 

58 

23 

26 

46 

26 

29 

42 

29 

42 

1 

0 

1 

0 

56 

56 

34 

44 


7.1 

46.1 

39.9 

24.5 

36.3 

24.7 

9.1 

16.0 

9.2 

17.8 

49.9 

43.6 

51.8 

43.7 

6.8 

5.0 

6.7 

4.6 

6.8 

55.5 

55.3 

56.3 

50.5 

58.8 

50.7 

17.3 

25.2 

9.2 

25.3 

24.9 

29.3 

25.1 

33.5 

15.3 

33.9 

7.7 

34.2 

11.7 

31.0 

12.1 

3.4 

0.6 

15.3 

25.3 


Wash.  M.T. 


8  5  7 

9  15  35 
13  5  32 
13  52  9 
13  5  28 
13  52  9 

8  59  47 

10  24  40 

8  59  47 

10  24  42 

12  4  25 

13  2  9 

12  4  27 

13  2  9 
7  55  25 

16  21  42 

17  16  34 

16  21  41 

17  16  34 

11  .56  45 
11  .56  45 

10  18  39 

11  22  22 

10  18  41 

11  22  22 

13  59  34 

14  24  37 

13  59  26 

14  24  37 

7  29  37 

8  49  28, 
7  29  37 

14  4  5 

15  16  3.5 

14  4  5 

15  16  27 

6  33  23 

7  31  51, 

6  33  20, 

7  31  51, 

18  18  3, 
18  18  0, 

16  32  .53, 

17  42  52, 


See'g 


Instrum  't 


■5  I  g 

0  g 


26-inch 
26-inch 
26-inch 
26-inch 
12-inch 
12-inch 
26-inch 
26-inch 
12-inch 
12-inch 
26-inch 
26-inch 
12-inch 
12-inch 
12-inch 
26-inch 
26-inch 
12-inch 
12-inch 
26-inch 
12-inch 
26-inch 
26-inch 
12-inch 
12-inch 
26-inch 
26-inch 
12-inch 
12-inch 
26-inch 
26-inch 
12-inch 
26-inch 
26-inch 
12-mch 
12-inch 
26-inch 
26-inch 
12-inch 
12-inch 
26-inch 
12-inch 
12-inch 
12-inch 


Pow'r 

Obs. 

388 

B 

388 

B 

388 

B 

388 

B 

160 

W 

115 

W 

183 

H 

183 

H 

235 

B  1 

160 

B 

183 

H 

183 

H 

235 

B 

235 

B 

115 

W 

388 

B 

388 

B 

160 

Wi 

115 

wi 

388 

H 

161 

W 

250 

B 

388 

B 

160 

W 

115 

W 

250 

B 

183 

B 

160 

W 

115 

W 

495 

B 

250 

B 

115 

W 

388 

B 

183 

B 

160 

W 

160 

W 

250 

B 

250 

B 

160 

W 

160 

W 

250 

B 

160 

W 

160 

W 

115 

W 

Remarks 


Observation  late. 
Trifle  hazy. 


Unsteady. 

Very  unsteady.  Late  prob.'P 


Brt.  hml3,  very  unsteady. 


Good  (hsappearance. 
Good  reappearance. 
Good  cUsappearance. 
Dark  limb  visible. 
Unsteady. 

Observation  doubtful. 
Good  reappearance. 


Eye  and  ear. 

Eye  and  ear.  Good  reapp. 

Dark  limb  visible. 
Good  disappearance. 
Unsteady.  Prob.  a  trifle  late. 
Dark  limb  visible. 
Disappearance  gradual. 
Late.  Poor  observation. 
Uncertain. 

Disappearance  gradual. 

Good  reappearance. 

Rather  uncertain. 

Late. 

Disappearance  gradual.  Haze. 

Hazy. 

Dark  limb  visible. 
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Date 


1914 

Jan.  6 
6 
6 
7 
7 
7 
7 
7 
7 

10 

10 

10 

10 

12 

13 

13 

13 

15 

15 

15 

15 

15 

15 

15 

15 

17 

17 

17 

17 

Feb.    7 

.  7 

8 

8 

8 

8 

11 

11 

11 

11 

17 

17 

17 

Mar.    3 

3 

3 

8 

8 

8 

8 

9 

9 

14 

14 

14 

14 

14 

14 

Apr.    7 

9 

9 

9 


Object 


M 
M 
M 

16 
16 

1 
20 
20 
49 
49 
49 
49 

7 

8 

8 

8 

83 

83 

83 

83 


49 
49 
49 
49 
47 
47 
35 
35 
35 
35 


c 

c 

135 

135 

135 

18 

18 

18 

7 

7 

7 

7 

8 

8 

231 

231 

236 

236 

236 

23() 


Phen. 


DD 
RB 
RB 
DD 
DD 
DD 
DD 
DD 
DD 
DD 


^4  rieti^ .  .  . 

A  net  is 

Ariel  is 

Tauri 

Tauri 

Tauri 

Tauri 

Tauri 

Tauri 

Aurigce  .... 

Aurigce I    RB 

Auriga' ■.  ]    dd 

AurigT  

Cancri 

Leonis 

Leonis 

Leonis 

Leonis 

Leonis 

Leonis 

Leonis 

Leonis 

Leonis 

Leonis 

Leonis 

Virginis 

Virginis 

Virginis 

Virginis 

Geminorum .  .  . 
Geminorum .  .  . 
B.  Cancri  ... 
B.  Cancri  ... 
B.  Cancri  ... 
B.  Cancri  .  .  . 

Leonis 

Leonis 

Leonis 

Leonis 

B.  Scorpii .  .  . 
B.  Scorpii .  .  . 
B.  Scorpii.  .  . 

Tauri 

Tauri .  .  . 

Tauri 

Cancri 

Cancri 

Cancri 

Cancri 

Leonis 

Leonis 

G.  Virginis  .  . 
(1.  Virginis  .  . 
G.  Virginis  .  . 
G.  Virginis  .  . 
G.  Virginis  .  . 
G.  Virginis  .  . 

Leonis 

Virginis 

Virginis 

Virginis 


RB 
RD 
DB 
DB 
RD 
DB 
RD 
DB 
RD 
DB 
RD 
DB 
RD 
DB 
RD 
DB 
RD 
DD 
DD 
DD 
RB 
DD 
RB 
DB 
RD 
DB 
RD 
DB 
RD 
DB 
RB 
DD 
KB 
DD 
RB 
DD 
KB 
1)1) 
RB 
RD 
RD 
DB 
RD 
DB 
RD 
RB 
DD 
RB 
DD 


Wash.  Sid.  T. 


18 

40 

41 

2 

2 


9  11 
9  11 
9  28 
9  28 

5  19 

6  10 

5  19 

6  10 
9  36 
6  46 
6  46 

8  0 

9  11 
10  4 

9  11 


10 
10 


10  35 
10  2 
10  35 
9  3 
9  57 
9  3 
9  57 
8  11 

8  11 

9  33 
10  13 

9  33 
10  13 

7  29 

8  23 

7  28 

8  23 
13  56 
15  8 
13  56 

6  13 
4  44 

6  13 

9  48 
110  11 

9  48 

10  11 

7  18 

8  29 

11  29 
11  29 

11  15 

12  10 

11  15 

12  10 
10  30 

13  8 

14  20 
13  8 


8.6 
56.2 

0.9 
59.5 
59.6 

2.1 

2.2 
48.8 
49.0 
20.6 
31.3 
20.7 
33.1 
20.7 
58.3 
53.7 
32.2 

8.2 
42.6 

2.8 
41.3 
25.4 
50.5 
24.9 
50.4 
41.5 
28.2 
36.3 
28.3 
48.6 
48.8 
35.8 
20.0 
35.8 
23.2 

3.0 
55.0 
56.5 
55.1 
10.9 
50.5 
15.0 
20.8 
49.6 
24.7 
56.4 
13.6 
56.9 
21.2 
53.6 
41.9 

7.3 

8.0 
49.8 
18.6 
42.8 

19.5 

0.3 
42.9 
52.9 
43.6 


Wash.  M.T. 


7 
8 
8 
13 
13 
14 
14 
14 
14 
10 
10 
10 
10 
14 
11 
11 
12 
13 
14 
13 
14 
14 
14 
14 
14 
13 
14 
13 
14 
11 
11 
12 
12 
12 
12 
10 
10 
10 
10 
16 
17 
16 
7 
6 
7 
10 
11 
10 
11 
8 
9 
12 
12 
11 
12 
11 
12 
9 
11 
13 
11 


15 
37 
37 
55 
55 

3 

3 
20 
20 

0 
51 

0 
51 

8 
15 
15 
29 
31 
25 
31 
25 
22 
56 
22 
56 
16 
10 
16 
10 

2 

2 
19 
59 
19 
59 

3 
58 

3 
58 

6 
18 

6 
29 

1 
29 
44 

7 
44 

7 
11 
21 

1 

1 
48 
42 
47 
42 
27 
58 
10 
58 


13.5 
47.5 
52.2 
2.1 
2.2 
3.4 
3.5 
47.2 
47.4 
12.2 
14.5 
12.3 
16.3 
38.3 
47.8 
43.2 
9.6 
42.3 
7.9 
36.9 
6.6 
51.1 
10.7 
50.6 
10.6 
24.9 
2.8 
19.7 
2.9 
6.3 
6.5 
44.3 
22.0 
44.3 
25.2 
44.1 
27.1 
37.6 
27.2 
13.2 
40.9 
17.3 
36.1 
19.4 
40.0 
56.9 
10.4 
57.4 
18.0 
22.8 
59.5 
15.9 
16.6 
0.6 
20.5 
53.6 
21.4 
56.8 
21.6 
19.8 
22.3 


See'g 


g 
g 
f 

g 
f 
f 

P 

f 

P 
P 
g 
P 
P 
P 
P 
P 
f 
f 
f 
f 

g 
f 
f 
f 

P 
f 

P 
P 
f 
f 
f 
P 
P 
P 
P 
f 

P 
P 

b 
b 
P 
P 
P 
P 
f 
f 
f 
f 
P 
P 
P 
P 
P 
P 
P 
P 
f 

P 
P 
P 


Instrum't 


26-inch 
26-inch 
12-inch 
26-inch 
12-inch 
26-incli 
12-inch 
26-inch 
12-inch 
26-inch 
26-inch 
12-inch 
1 2-inch 
12-inch 
26-inch 
12-inch 
12-inch 
26-inch 
26-inch 
12-inch 
12-inch 
26-inch 
26-inch 
12-inch 
12-inch 
26-inch 
26-inch 
12-inch 
1 2-inch 
26-inch 
12-inch 
26-inch 
26-inch 
12-inch 
12-inch 
26-inch 
26-inch 
12-inch 
12-incii 
26-inch 
26-incli 
12-incli 
26-inch 
12-inch 
12-inch 
26-inch 
26-inch 
12-inch 
12-inch 
2()-inch 
20-incli 
26-inch 
12-inch 
26-incli 
26-inch 
12-inch 
12-inch 
2()-inch 
2()-incli 
2()-incli 
12-inch 


Pow'r 


Obs. 


495  B 
250  B 

160  i  W 
183  I  B 
115  W 
183  B 
115  1  W 
183  B 
115  i  W 
250  t  B 
250  i  B 
160  t  W 
160  ,  W 
160  '  W 
250  ;  B 
160  i  W 
160 

j  250 
250 

I  160 

i  115 

>  250 
250 
160 


160 

115 

388 

115 

2.50 

250 

115 

160 

250 

250 

160 

160 

250 

183 

160 

250 

115 

100 

388 

495 

115 

160 

495 

495 

183 

115 

250 

183 

160 
'  115 
i  250 
;  495 

250  :  B 
i  160  I  W 


Remarks 


w 

B 

B 

W 

W 

B 

B 

AV 


115  I  W 
250  I  B 
183  I  B 


Good  disappearance. 

Eye  and  ear. 

Haze.     Good  disappearance. 

Hazy. 

Haze,     (iood  disappearance. 

Hazy. 

Haze.  Fair  disappearance. 

Hazy.     Star  very  faint. 

Good  disappearance. 

Thin  clouds. 

Thin  clouds. 
Probably  late. 
Disappearance  gradual. 


Disappearance  gradual 
Late. 


Good  disappearance. 
Haze.  A  trifle  late. 
Probably  late. 

Disappearance  gradual. 
Good  reappearance. 
Very  uncertain. 
Dark  limb  visible. 


Good  disappearance. 
Unsteady. 


Disappearance  gradual. 
Good  reappearance. 


Disnp.  griuliial.    Uncertain,  clouds. 
Uncertain,  clouds. 
Very  uncertain. 


Good  disappearance. 

A  little  late. 

Late. 

Thin  clouds. 

Thin  clouds. 

Thin  clouds.  Haze.  , 

Late. 

Disap.  (jraiiual.     InciTliiin,  clouds. 

Haze. 

Verv  uncertain. 


Thin  clouds. 
Disap.  gradual. 
Unsteady. 


N'cry  unsteady. 
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Date 


Apr.  9 
12 
12 
12 
12 
12 
12 
12 
12 
18 
18 
18 
18 

May    1 


10 

10 

16 

16 

17 

17 

17 

17 

28 

28 

June    G 

6 

6 

6 


Object 


\f/  Virginiis.  .  . 
b  Scurpii .... 
b  Scorpii .  .  .  . 
b  Scorpii .... 
b  Scorpii .  .  . 
4  Scorpii .  .  .  . 
4  Scorpii .  .  .  . 
4  Scorpii.  .  .  . 

4  Scorpii.  .  .  . 

5  Capricorni . 
8  Capricorni . 
S  Capricorni . 
8  Capricorni. 
5  B.  Cancri  . 

43  H.  Virginis 
236  G.  Virginis 

T  Scorpii.  .  .  . 

T  Scorpii.  .  .  . 
42  Aquarii  .  .  . 
42  Aquarii .  .  . 
81  Aquarii .  .  . 
81  Aquarii.  .  . 
81  Aquarii .. .  . 
81  Aquarii.  .  . 

K  Geminorum 

K  Geminorum 

4  Scorpii .... 

4  Scorpii.  .  .  . 

4  Scorpii .... 

4  Scorpii.  .  .  . 


Phen. 


Wash.  Sid.  T. 


RB 
DB 
RD 
DB 
RD 
DB 
RD 
DB 
RD 
DB 
RD 
DB 
RD 
DD 
DD 
RB 
DB 
RD 
DB 
RD 
DB 
RD 
DB 
RD 
DD 
RB 
DD 
RB 
DD 
RB 


4    20 

1  42 

2  38 
1  42 


38 
58 
10 
58 
10 
11 
8    0 

7  11 

8  0 

2  22 
0  59 

3  26 

8  56 

9  51 

7  20 

8  22 
55 


5 
55 

5 
26 
24 
34 
52 
34 
52 


54.7 
34.1 

6.6 
33.2 

6.8 
21.9 
55.9 
18.8 
56.0 
10.9 
20.1 

7.7 
20.1 
31.3 
14.9 
29.7 
24.2 
55.0 

1.4 
57.4 
54.8 
23.1 
52.2 
23.2 
54.4 
48.3 
54.5 

9.0 
54.7 
11.9 


Wash.  M.T. 


11  16 

12  36 


13  10  21, 

10  20  39. 

11  16     2 
10  20  38 

2 
4 
13  48  26 

12  36 

13  48  27 

15  24  46 

16  13  47.8 

15  24  43.5 

16  13  47.8 
9  45  47. 

7  55  13, 
10  22    4, 

15  43   12. 

16  38  34, 
30, 


13  43 

14  46  16, 

14  15  21, 

15  24  38, 

14  15  19, 

15  24  38. 

8  4 

9  1 
9  36 

10  53 
9  36 
10  53  21 


0 
44 
16 

18 
16 


See'g 

Instrum't 

Pow'r 

Obs. 

f 

12-inch 

160 

W 

P 

26-inch 

250 

B 

P 

26-inch 

495 

B 

P 

12-inch 

160 

W 

P 

12-inch 

115 

W 

P 

26-inch 

250 

B 

f 

26-inch 

183 

B 

f 

12-inch 

160 

W 

f 

12-inch 

115 

W 

P 

26-inch 

250 

B 

f 

26-inch 

495 

B 

P 

12-inch 

115 

W 

P 

12-inch 

115 

W 

g 

12-inch 

115 

W 

f 

12-inch 

160 

B 

P 

12-inch 

160 

B 

f 

12-inch 

160 

W 

P 

12-inch 

115 

W 

P 

26-inch 

250 

B 

f 

26-inch 

183 

B 

P 

26-inch 

250 

B 

f 

26-inch 

388 

B 

P 

12-inch 

160 

W 

f 

12-inch 

115 

W 

K 

26-inch 

388 

B 

f 

26-inch 

250 

B 

f 

26-inch 

250 

B 

P 

26-inch 

250 

B 

f 

12-inch 

160 

W 

P 

12-inch 

160 

W 

Remarks 


Disap.gr.ad.  Uncertain.   Unsteady. 
Probably  late. 
Very  uncertain. 
Probably  a  httle  hite. 
Disappearance  gradual. 
Good  reappearance. 


Disappearance  gradual. 


Haze. 


Haze. 

Thin  clouds. 
Late.  Thin  clouds. 

A  little  late. 

Disap.  gradual.     Uncertain. 

Disap.  gradual.     Uncertain. 

Extremely  uncertain. 
Dark  limb  visible. 
Good  disappearance. 

Good  disappearance. 
Haze. 


NOTES. 

DD  signifies  star  disappeared  at  dark  limb  of  Moon;  DB,  disappeared  at  bright  limb;  RD,  reappeared  at  dark 
limb;  RB,  reappeared  at  bright  limb.  Under  Seeing,  g  =  good;  f  =  fair;  p  =  poor;  b  =  bad.  Observers:  H  = 
A.  Hall;  B  =  H.  E.  Burton;  W  =  C.  B.  Watts. 

All  observations  were  recorded  on  chronograph,  except  as  noted  under  Remarks. 

Begiiming  June  24,  1913  with  the  12-inch,  and  Nov.  17,  1913  with  the  26-inch,  a  form  of  occulting  bar  devised  by 
C.  B.  Watts  has  generally  been  used  for  observations  at  the  bright  limb  and  sometimes  at  the  dark  limb  when  the 
moon  was  nearly  full.  The  bars  are  shaped  so  as  to  conceal  all  of  that  part  of  the  moon  in  the  field,  except  a  small 
section  at  the  limb,  the  object  being  to  reduce  the  glare  of  light  which  makes  it  difficult  to  see  a  star  near  the  Moon's 
bright  limb.  They  are  attached  to  the  eyepiece  of  power  160  on  the  12-inch,  and  to  that  of  power  250  on  the  26-inch, 
and  wherever  these  powers  are  mentioned,  it  is  to  be  understood  that  the  bars  were  used. 


TRAN^SIT    OF    MERCURY. 


Observer 

Aperture 

Power 

Third  Contact 

Fourth  Contact 

SCHLESINGER 

13      inch 

180 

gh  ym  28' 

gh  gm   12' 

Hudson 

33^  inch 

80 

7      25 

9       9 

Eastern  Standard  Time 

The  times  of  the  fourth  contact  should  give  the  position  of  the  planet  much  more  accurately  than  those  of  the 
third,  since  the  latter  are  much  affected  by  irradiation. 


Allegheny  Observalor i/ . 
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SUNSPOT  OBSERVATIONS, 

made  at  berwyn,  penn.,  with  a  4a-inch  refractor, 
By  a.  W.  QUIMBY. 


*9 

~ 

*10 

"7 

- 

- 

*11 

- 

- 

*12 

*13 

1 

*14 

15 

16 

7 

1 

2 

17 

7 

— 

18 

7 

- 

19 

7 

- 

20 

7 

- 

21 

7 

- 

22 

7 

- 

23 

7 

1 

2 

24 

7 

_ 

2 

25 

7 

— 

1 

26 

12 

- 

- 

27 

12 

- 

- 

■With  1}"  rpfrarlor. 
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OBSERVATIONS   OF   COMETS, 

MADE    WITH    THE    40-IXCH    REFRACTOR    OF   THE    YERKES   OBSERVATORY, 

By   F.   p.   LEAVENWORTH. 


1914*  Central  8.  T. 


Comp. 


/Ja 


J6 


App.  a 


App.  o 


July  17  10  37  26 
22  11  28  14 
11  4  20 
26  11  54  24 
•  11  28  37 
29    9  12  57 

Aug.  25     8  21  26 


Julv  29  12  20  47 

31  13  59  47 

Aug.  25  10  40    8 


1 

5    6 

2 

3     . 

2 

.     3 

3 

4     . 

3 

.     3 

4 

7    4 

5 

8    6 

-1  23.07 
+0  55.10 

+0  33.66 

-2  11.50 
+0  57.05 


Comet  c  1914  (Neujmin). 

"  h       m      s 

+0  17.8  17  47     4.43 

17  42  49.90 

+6  54.7  

17  39  45.51 

-1  53.0  

+2  .39.6  17  37  44.48 

-3  10.9  17  27  11.23 


-  8  50  17.6 

-  7  50  5.7 

-74  25.6 

-  6  33  1.6 

-  2  40  53.3 


Comet  a  1914  (Kritzinger). 


3  -0  45.04 
6  +1  45.08 
5      +0     1.65 


-0  52.3  I  22  44  21.58  +39  36  36.3 
-1  31.8  '  22  44  .50.12  |+38  56  21.8 
-0  35.8  !  22  41  11.78  i+28    7  34.4 


log  PA 


Red.  to  App.  PI. 


8.804 

0.875 

9.114 

0.866 

9.333 

0.856 

8.179 

0.861 

9.099 

0.832 

«9.374  9.990 
n7.808  9.763 
n9.281    0.430 


+3.46 
+3.44 


+3.40 


+3.36 
+2.97 


6.5 

6.7 

6.6 
6.2 
4.6 


+2.90  +  7.0 
+2.96  +  7.9 
+3.40  +16.9 


Mean  Places  of  Comparison  Stars. 


*   j            a 

s 

Authority 

* 

a 

0                                   .-iiuliority 

1 
2 
3 

4 
5 

17  48  24.04 
17  41  51.36 
17  39     8.45 
17  39  52.62 
17  26  11.19 

-  8  50'  28".9 

-  7  56  53.7 

-  7  2    26.0 

-  6  35  35.0 

-  2  37  37.8 

A.G.  Wien-Ottaking  6022 
5992 
5979 
5986 

A.G.  Straszburg    5892 

6 

7 
8 

22  45     3.72 
22  43     2.08 
22  41     6.73 

+39  37'  21.6 
+38  57  45.7 
+  28    7  53.3 

A.G.  Lund          10898 

A.G.  Lund           10881 

Astrographic  Cat.  0,\ford 

i[28°70445+29°66112]. 

*  Six  hours  slow  on  Greenwich  Mean  Time. 
Yerkes  Ohservalory.  I!fl4,  October  10. 


OBSERVATIONS    OF    MINOR    PLANETS, 

MADE   WITH   THE   26-INCH    EQUATORI.AL   OF   THE    U.S.    NAV.AL   OBSERVATORY. 

[Communicated  by  Captain  J.  A.  Hoogewerfp,  U.S.  Navj',  Superintendent.] 


Date    Wash.  M.  T. 

* 

Comp. 

Aa 

J8 

App.  a 

App.  S 

log.  pJ 

Red.  to  App.  PI. 

0             d 

(433)  Eros 

July     8  14  57  49 

1 

25,    5 

m       s 

-1  25.60 

-147.7 

h        111       s 

20  54  30.42 

-20  17  23.7 

9.171 

0.870 

+2.88  +  5.6* 

12  14  54  22 

2 

25,    5 

-1     5.08 

-0  30.8 

20  48    2.32 

-20    7  45.2 

9.269 

0.866 

+3.00  +  5.4* 

13  14  20  25 

3 

25,    5 

-2  15.31 

+0  31.0 

20  46  22.16 

-20     5  21.4 

9.109 

0.871 

+3.03  +  5.4* 

26  12  45  55 

4 

30,10 

+0  48.67 

-2  14.5 

20  22    9.91 

-19  28  34.7 

8.946 

0.871 

+3.25  +  3.6t 

Aug.    3  11  31  35 

5 

15,    3 

+3  55.17 

+3  44.2 

20     7    6.42 

-18  59  46.2 

8.470 

0.871 

+3.28  +  1.9t 

5-  11     1  31 

6 

25,    5 

+2  32.14 

+3  46.3 

20    3  33.10 

-18  53  32.8 

7.998n 

0.870 

+3.28  +  1.8t 

6  11  40  28 

6 

30,    6 

+0  43.97 

+9  37.3 

20     1  44.93 

-18  47  41.7 

8.924 

0.868 

+3.28  +  1.9t 

19H 

(349)  Deinbowska 

Mar.  18  10  20  44 

7 

30,    6 

+  1  11.23 

-1  30.6 

10  55  15.75 

+  16  33     1.2 

9.024?i 

0.527 

+2.42  -  9.8t 

23     8  44  29 

8 

30,    6 

+2    6.64 

+0  34.4 

10  51  31.97 

+  16  41  17.0 

9.391n 

0.554 

+2.43  -  9.2t 

16 
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Date     Wash.  M.T. 

:k 

ip. 

Ja 

JS 

App.  a 

App.  d 

log  PA 

Red.  to  App.  PI. 

1 

a             d 

(718)  Erida? 

Mar.  20  13     6  59 

9  1  30  , 

6 

-1  36.69 

+3  33.2 

9    8    2.85 

+  26 

12  11.2 

9.634 

0.520 

+  2.36   -   0.1* 

23   10  31   26 

10  ,  30  . 

6 

+2  59.17 

-6  19.4 

9    7  21.07 

+26 

4  41.4 

9.276 

0.330 

+  2.31    +  0.6* 

[1914  U  M] 

Mar.  26  11  44     1 

11     30, 

6 

- 1     3.34 

+5  28.1 

12  20  36.31 

+  2 

36  17.1 

8.63  Irt 

0.714 

+2.27   -15.4t 

Apr.     3  13  42  52 

12 

27, 

9 

-1     0.81 

+3  24.9 

12  13    8.03 

+  2 

43     8.2 

9.410 

0.718 

+  2.32  -15.2t 

13  10  16  25 

13 

30, 

6 

-1  46.81 

-4  24.2 

12    4  38.68 

+  2 

44     1.6 

8.650rt 

0.713 

+2.31   -14.6t 

17  11   13  .59 

14 

30, 

10 

+0  43.83 

+  1  50.0 

12     1  32.89 

+  2 

41  22.8 

9.030 

0.714 

+  2.31   -14.5t 

21     9  53     6 

14 

30, 

6 

-2    0.15 

-2  34.0 

11  58  48.89 

+  2 

36  58.5 

8.224ft 

0.714 

+  2.29  -14.2t 

E-stimatt'd  niagnit 

iiie  12.0  on 

March  26. 

(537)  Pciuly 

. 

Apr.     2  13     9    0 

15 

20, 

4 

+0  56.22 

-0    5.0 

13  20  25.46 

+  6 

32  52.2    8.800 

0.671 

+2.35  -17.6* 

3  11  48  18 

16 

30, 

6 

+  1  54.30 

+  1  24.0 

13  19  43.84 

+  6 

38  33.9  ,  8.951 /( 

0.670 

+  2.37   -17.6* 

6  12  13  32 

17 

25. 

5 

-4  46.62 

+4  19.9 

13  17  28.82 

+  6 

56  17.6     8.034« 

0.666 

+  2.40   -17.7* 

13  12  58  57 

18 

30, 

6 

-2  18.18 

-4  10.6 

13  12    7.93 

+  7 

33  46.8    9.160 

0.662 

+  2.45   -16.9* 

!            17  13     8  52 

19 

30, 

6 

+  1  49.69 

+0  .53.6 

13    9    5.53 

+  7 

52  20.6 

9.298 

0.662 

+2.49  -16.5* 

1            21  11  22  27 

20 

25, 

0 

+3  20.47 

-4  36.0 

13    6  11.43 

+  8 

8     8.0     8.445 

0.651 

+2.49   -16.0* 

Okserver-s:   *  H.  E.  Bdrton,  f  C.  B.  Watts. 


Mean  Places  of  Comparison— Stars  for  the  Beginniny  of  the   Year. 


* 

a- 

8 

Authority 

* 

a 

8 

.\utliority 

0 

, 

n 

i>        '      ■  B 

— 

1 

20  55  53.14 

-20 

15 

41.6 

A.G.  Algiers         9011 

11 

12  21  37.38 

+2  31     4.4 

A.G.  Albany 

4485 

2 

20  49    4.40 

-20 

7 

19.8 

(  A.  G.Algiers       83r,ll 
5  <  +8aine  star  compared  with 
I  A.  G.  .\lsiers  8957 

12 

12  14     6..52 

+2  39  58.5 

B.I).  -r-202.-j2it  fOlnpaivtl  Willi 
\x;.  Albany  1«1 

i:  I  i^?\^^f  :■'.-'"•>»" 

A'  =  -*-lm  34s.ll  /  ., 

■.l'J14. 

3 

20  48  34.44 

-20 

0 

57.8 

A.G.  Algiers         8957 

13 

12    6  23.18 

+  2  48  40.4 

A.G.  Albany 

4442 

4 

20  21  17.99 

-19 

26 

23.8 

A.G.  Algiers         8761 

14 

12    0  46.75 

+2  39  47.3 

A.G.  Albany 

4419 

0 

20    3    7.97 

-19 

3 

32.3 

A.G.  Algiers         8623 

15 

13  19  26.89 

+  6  33   14.8 

A.G.  Leipzi"  II 

(i393 

6 

20    0  57.68 

-18 

57 

20.9 

A.G.  Algiers         8605 

16 

13  17  47.17 

+6  37  27.5 

A.(i.  Leii)zig  II 

6390 

7 

10  54    2.10 

+  16 

34 

41.6 

A.G.  Berlin  A.      4317 

17 

13  22  13.04 

+6  52  15.4 

A.G.  Leipzig  II 

6401 

8 

10  49  22.90 

+  16 

40 

51.8 

A.G.  Berlin  A.      4293 

18 

13  14  23.66 

+  7  .38  14.3 

.\.G.  Leipzig  II 

6372 

9 

9    9  37.18 

+  26 

8 

38.1 

A.G.ram.(Engl)  4881 

19 

13    7  13.35 

+7  51  43.5 

A.G.  Leipzig  TI 

6341 

10 

9    4  19.59    +26 

11 

0.2 

A.G.Cam.(Engl)  4841 

20 

13    2  48.47    +8  13     0.0 

A.G.  Leipzig  11 

(;:V>6 

#• 

NOI 

PES 

(349)  Dt^nbmvxku  was  found  pliotographicall.\-  liy  G.  II.  Pktkks,  A.ssistant  in  the  Obseryatory. 

11914  {'  M\  and  (537)  Paiily  were  found  pholograpliically  by  J.  H.  Metc.vlf. 

(718)  Erida?  was  found  by  mean.s^of  an  ephemcris  given  in  Circubir  No  17,  Konigliches  Astr.  lleclien-lnsiitut. 


#= 
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MICEOMETRICAL  MEASURES   OF   DOUBLE   STARS, 

MADE    WITH    THE    40-INCH   REFRACTOR   OF  THE   YBRKBS   OBSERVATORY. 

By  F.  p.  LEAVENWORTH. 


Through  the  kinchiess  of  Professor  Edwin  B.  P'rost, 
Du-ector  of  the  Yerkes  Observatory,  I  was  given  the 
privilege  of  using  the  40-inch  refractor  in  measuring  a 
selected  list  of  double  stars.  The  telescope  was  at  my 
disposal  two  to  three  nights  a  week,  from  July  16,  to 
October  10,  1914. 

The  list  was  made  up  of  stars  needing  measurement  on 
account  of  motion,  or  Itecause  no  recent  measures  had 
been  made:  close  and  faint  stars  being  given  the  prefer- 
ence. 

Each  night  the  stars  measured  were  the  most  difficult 
that  the  condition  of  the  atmosphere  would  permit. 
During  the  entire  time,  there  was  no  night  when  the  full 
power  of  the  telescope  could  be  used.  The  highest 
power  that  the  seeing  would  permit  was  always  used; 
and  this  power  was  never  greater  than  1500.  On  several 
nights,  however,  tho  seeing  was  good,  so  that  stars  closer 
than  0".2  were  separated. 

Experiments  were  made  with  the  iris  diaphragm  for 
diminishing  the  aperture  of  the  object  glass;    and  on  a 


number  of  nights  a  smaller  aperture  gave  marked  increase 
in  defining  power. 

The  effect  of  the  smaller  aperture  usually  was  to 
diminish  the  "atmosphere"  suri'ounding  a  brighter  star, 
rendering  visible  a  faint  companion,  before  hidden  in  the 
glare.  Diminishing  the  aperture  frequently  sharpened 
the  images,  but  this  was  accompanied  by  increased 
dancing  of  the  star.  On  some  nights  when  the  defi- 
nition was  poor,  no  good  effect  whatever  could  be 
noticed  by  reducing  the  aperture.  This  had  to  be  deter- 
mined each  night  by  trial,  except  that  on  a  few  exception- 
al nights  there  was  no  need  to  diminish  the  aperture. 

My  impression  of  the  instrument  from  this  somewhat 
limited  experience  is  that  its  defining  power,  up  to  the 
theoretical  limit,  is  only  limited  by  the  atmospheric  con- 
ditions; although  it  is  possible  that  under  poor  atmos- 
pheric conditions  the  glare  may  be  somewhat  stronger 
than  it  should  be. 

The  skill  of  Mr.  F.  R.  Sullivan  in  managing  the 
telescope  very  materially  increased  the  efficiency  of  the 
instrument  and  the  total  output  of  measures. 


70 

02-  2 

150 

/3  1015 

156 

/3  777 

' 

0'"  9™     26°30' 

A  and  B 
30°.3       0".59    7"' 

8'".5 

.756 
.775 

Ql.    14n. 

139°.8 
144  .0 

141°.9 

11°  39' 
0".59     . .  . 
0  .48     ... 

.... 

1914.756 
Fixed. 

Qh    17m 

166°.3 

-0°44' 
3".96   9" 

.0 

9" 

".8 

.663 

1914.77. 

0".54     .  .  . 

.671 

33  .2 
31°.8 

0  .66    ... 

s-^.s 

Angle 
measures 

probably     increasing, 
very   discordant. 

151     A.  C.  1 
0''  16"'     32°30' 

but 

160 

Qh  17m 

H  1020 
26°  30' 

1914.67 

0".62    7"' 

.663 

A  B 

225°.8 
225  .1 

andC 

18".04      .  .  . 
17   .93      .  .  . 

10"' 
10 

.720 
.731 
.734 
.750 

288°.6 
287  .2 
287  .4 
286  .9 

9«7°  P^ 

1".46    7"'.5 
1  .26    7  .5 
1   .39     ... 
1  .44    7  .5 

8"'.3 
9  .0 

8'  .5 

8"'  6 

.671 
.709 
.715 

181°.4 
181  .8 
181  .3 

181°.5 

11  ".36    8" 
11  .62    8 
11   .05   8 

.2 
.5 
.5 

.4 

10" 

11 

11 

.5 
.0 
.2 

.671 

1914.70 

11".34   8" 

11- 

1914  73 

1  "  ."^Q      7m  K, 

.0 

1914.67 

225°.4 

17".98     .  .  . 

10-" 

Angle  and  distance  increasing. 

No  change. 

(17) 
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181  /3  488 


0'-  20™ 

1,75    345°.3 
.580  345  .2 


-3°  57' 

3".38  7"'.0  10».5 
3  .24  7  .0  10  .0 


1914.58  345°.2 
No  change. 


3".31    7-".0    10".2 


314     Ho  212 
0"  29"     -4°  15' 
A  and  B 
1914.750    263°.7       0".28   6™       7" 

Angle  is  10°  greater  than  Aitken's 
Ephemeris  in  Lick  Bulletin,  No.  110; 
conn)onents  well  separated:  careful 
estuuatiou  of  quadrant. 


1914.75(1 


A,  B  and  C 
48°.9     26".46    6" 


13" 


374    02- 18 

Qh  38m      30  42' 

.580    148°.0       1".35   7'°.5    lO^.O 


.638    148  .9 
.649    148  .8 


1  .30   7  .5 

1   .27    7  .5 


10  .0 

9  .7 


1914.62      148°.6        1".31    7-".5     O-'.g 


479     01 20 
0"  50""     18°  43' 
.731    308°.2       0".49   6"'.0 


.739    308  .3 
.748    307  .1 


0  .61    6  .3 


6'".5 
7  .0 


0  .53    6  .0     6  .7 


1914.74     307°.9       0".54   6'M      6™.7 

. .     A  2208 
0'"  50'"     19°  0' 


.663 
.709 
.720 


482     ^  73 
0''  50'"    30°  12' 
39°.0 


40  .9 
39  3 


0".97    O-^.O 

0  .99    6  .0 

1  .05    6  .0 


6'".4 
6  .5 

6  .7 


1914.70       39°.7        1".00    6"\0     6'^.5 

551     Ho  213 
Oh  59m    340  59/ 

1914.750    210°.3       0".24    7".5      7'".8 
Angle  increasing  probably. 

714    /3  4 

Ih    17m         no   Q' 

A  and  B 
1914.750      48°.5       0".24    7'°.0     7'".3 
Angle  and  distance  diminishing. 


A,  B  and  C 
1914.750    249°.6      23".03 


728 

1''  19" 

.638  167°.9 
.663  171  .1 
.750    168  .0 


Lv  1 
1°  18' 
0".74    9"'.3 

0  .79   9  .3 


14-°.5 


9'°.6 
9.6 


1914.68      169°.0 
No  motion. 


0".76    9'".3     9''\6 


.715 
.720 


733     Ho  309 

A  antl  B 

11,  20™     19°  24' 

26°.6        2".84   S'" 
28  .1        2  .97   8 


ll^.S 
12  .0 


.739 
.748 


86°.5 
83  .7 


1".50   9"°.0   10".3 
1  .58   9  .0   10  .7 


1914.74 


SoM        1".54   9"'.0    10'".5 


. .     A  2209 
Qh  51  n.     igo  28' 

.739    lo3°.4        1".50   9'".8    lO-^.O 
.748    156  .9        1  .58   9  .3     9  .8 


1914.74      ir)5°.2        l."54   9"'.6     9'^.9 


1914.72        27°.4       2".90   8" 


.715 
.720 


A  und  C 

96°.2     44".82 
95  .9     44  .59 


ll-^.S 


12°'.0 
11  .0 


1914.72        96°.0     44".70 


.715 
.720 


A  and  D 
47°.5     39".37 


47 


39  .84 


ll-".5 


15">.0 
14  .5 


765     (3  1164 
Ih  23">     4°  55' 
1914.638    159°.4       0".43    7'".5     8">.3 

790     /3  506 
Ih  27-"     14°  55' 


.638 
.734 


17°.0 
17  .9 


l".ll    4" 
1  .04   4 


12" 
11 


1914.69        17°.4 
No  motion. 


1".08   4"'       11">.5 


804    0^  31 
Ih  29m    70  47' 


.638 
.649 
.657 


83°.5 
80  .8 
82  .5 


3".89    7-" 
4  .07    7 
3  .88    7 


1914.65        82°.3       3".95    7"" 
Motion  doubtful. 


10"'.5 
11  .0 

11   .0 

lO^.S 


.638 
.731 


848  /3  508 

Ih  34m  26°  30' 

65°.9  0".73    9'".0    10"^.5 

61  .6      


1914.68        63°.8 
No  motion. 


0".73    9">.0    10"'.5 


.682  293°.8 
.750  293  .6 
.756    294  .5 


854    /3  5 
1''35"'     16°  11' 
1".2" 


1914.73      294°0 
No  motion. 


/    7".0 
1  .11    7  .6 
1".19      7"'.0 


9".5 
9  .0 
9™. 2 


922  0  784 

Ih  4im  22°  28' 

1914.731      46°.l  2".17    9"- 
No  motion. 

1002  2'  183 

1''  50™  28°  23' 

A  and  B 


10" 


1914.72       47°.6     39".60 
New  companion. 


W>.8 


.720  353°.9 
.734  356  .3 
.739    353  .1 


0".53  7">.5  S'-.O 
0  .55  7  .5  8  .0 
0  .47    7  .5     8  .0 


1914.73     354°.4       0".52   7"'.5     8».0 
Angle  slowly  decreasing. 
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A,  B  and  C 

.682  164°.5  5".93 
.720  164  .3  5  .65 
.731    163  .0       5  .74 


9'°.5 
9  .0 


1914.71      163°.9 
FLxed. 


9'".2 


1039     I  194 

Ih  54m     24°  25' 


.682  271°.4 
.709  269  .7 
.715    273  .2 


1".37  7'".8  S-.l 
1  .16  8  .0  8  .7 
1   .39    7  .8     8  .0 


1914.70      271°.4  1".31    7"\9     8".3 

1070  02-  38 

1914.734    lir.4       0"..55     

1098  Ho  312 

2^  2'"  25    18' 

1914.734  334°.4  1".66  6'".5  ll^.S 

1139  1 226 

2'"  7"^  23°  13' 

.682    243°.9  2".40    7'".5     9"'.0 

.709    243  .6  2   .33    8  .0    10  .0 

.715    243  .6  2  .15    7  .8     9  .5 


1354     ,3  1315 
2h  34m     140  §/ 

A  and  B 

.682    128°.3        1".73  8"\0  9"'.5 

.748    131  .6        1   .82  8  .0  10  .0 

.756    130  .0        1  .78  8  .0  10  .0 


1914.73      130°.0        1".78    8"\0     9  .8 


A  and  C 
.748      56°.6     77/.93 
.756      56  .6     77  .93 


9'".3 
9  .5 


1914.75        56°.6     77".93 

C  and  D 
.748      30°.2       6".77 
.756      .30  .3       6  .37 


9'".4 


14'».0 
13  .5 


1914.75        30°.2       6".57 
New  companion  to  C. 


IS-^.S 


1365  0.i'  43 

2'^  36""  26°  15' 

.709     41°.2  1".22   7".0    10"\0 

.715      .39  .2  1   .31    7  .0     9  .5 


1914.70      243°.7        2".29    7"'.8     9'".5 
Slow  decrease  in  angle  probable. 

1247     Ho  313 

2h  19m     _go  13. 

A  and  B 


.657      76°.6 
.775      78  .1 


2".03    8™.8     8^.8 
1   .84    8  .5     9  .0 


1914.72 


1914. 


77°.4        1".94    8'".6     8"'.9 


.4  and  C 
S6°.4      17".46 


12" 


12.53     Ho  314 
1914.775    201°.4       4".24   8'".8    lO-^.S 

1305     Howe  6 
2'^  27™     -7°  56' 
1914.657    207°.4       2"..34    g-^.S     9"'.8 
Probably  no  change. 


1914.71        40°.2        1".26    7^.0     9'".8 
Slow  decrease  in  angle;    moderate 
increase  in  distance. 

1398  /3  306 

2^  39'°  25°  17' 

.715      21°.4  2".78   6'".2    ll-^.O 

.720      21  .8  2  .95    6  .5    10  .5 


1914.72        21°.6       2".86   6'".4    10'°.8 
No  sensible  change  in  33  years. 

A  and  C 
1914.775      90°.4      50".22    6"'.5    11" 

1472  :l  323 

2^  48"  6°  9' 

.682    281°.6  2".81    7'n.5      7™.8 

.772    279  .3  2  .66   8  .0     8  .2 


1914.73      280°.4 
No  motion. 


2".74    7"'.8     8".0 


1508  /3  525 

2h  54m  21°  16' 

.709    152°.9  0"..34      

.715    165  .2  0  .17    7'".5      7».8 


1914.71      159°.0     ,  0".26    7"\5     7">.8 


Binary;     considerable    increase    in 
angle;  decrease  in  distance. 

1512     1 333 
21.  54n,     21°  0' 

.682  203°.  1  1".56  (i"'.0  6'-.0 
.709  205  .7  1  .60  6  .0  0  .5 
.715    204  .4        1  .43    6  .0     6  .5 


1914.70     204°.4       1".53   e-^.O     6".3 
Binary:     with    plane   of   the   orbit 
nearly  in  the  line  of  sight;  the  greatest 
distance  has  probably  been  reached. 

1720     /3  878 
3h  23m     22°  30' 


.715      74°.l        1".39    iv 


i3'-.5 


.720 
.734 


78  .5 

79  .4 


1914.72        77°.3 

No  motion. 


1".39    6"^      13"-.5 


1838     Barnard  3 

3h  39m     23°  50' 

A  and  B 

.734    148°.0        1".66   9'".8    10-.2 
.748    149  .5        1  .71    9  .5     0  .8 


1914.74      148°.7 
No  motion. 


1".68   0™.6    in"'.0 


A  and  C 

.734    20r.5      18".34 
.748    202  .6      18  .26 


1914.74      202°.0      18".30 
No  other  measure. 


15"'.5 
15  .5 


1900     02  65 
3h  45m     25°  20' 
.709    209°.  1        0".67   O^.O     6'".8 


.720    205  .4 
.748    208  .3 


0  .85    (3  .0     6  .5 
0  .70    6  .5     7  .0 


1914.73      207°.6  0".74   6">.2     6-".8 

1904  Hu  814 

31' 45-"  32°  21' 

1914.715      85°.7  1".03    8">       12">.5 

2154  0^  82 

4>'  18"'  14   51' 

1914.772      77°.6  0".72    7°'.5     O'-.S 
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2266     a  Tauri 

4"  31"     16°  20' 

C  and  D 

.720    276°.9        1".63    12-"     15"' 

.739    275  .5        1   .49     

.772    279  .0        1  .41    11       14  .5 


1914.74      277°.  1  1".51    I'^.b    U^.S 

2395  ,8  1237 

4'-  48"  23°  24' 

.709      59°.2  4".25    S'"     11° 

.720     58  .8  4  .57     


1914.71        59°.0  4".41    8"'       11" 

2523  Hu  446 

5h  2n>  22°  37' 

.715    182°.6  0".93   9".0     9"'.2 

.720    183  .2  0  .91    9  .0     9  .2 


1914.72      182°.9       0".92   g^.O     9".2 
No  motion. 

2544     /3  1047 

5h  4m     27°  56' 

A  and  B,  C 

1914.720      26°.6     


B  and  C 

.720      83°.6       0".35     8"       9" 
.739      88  .7       0  .35     


1914.73       86°.2       0".35     8"      9" 
Measures  of  angle  very  discrepant. 


2690 

l3  888 

5" 

19" 

37°  18' 

A  and  B 

.715 

167° 

.8 

8".22  ■ 

.720 

165 

.8 

8  .71 

1914.72 

166= 

.8 

8".46 

Probably  no 

motion. 

.4  ami  C 

.715 

331' 

'A 

.720 

330 

.5 

27".35 

C  and  D 

.715    341°.2     6".77    14".0    16".0 
.720    342  .9     6  .82    14  .5    16  .0 


1914.72     342°.0     6".80    14^.2    16'".0 
Very  faint  and  difficult. 

8133    A  233 

17'>  40-"     24°  51' 

.567    238°.8       3".16     8"     12"\5 
.674    237  .0       3  .40      8       13  .0 


1914.62      237°.9       3".28     8"     12'".8 


8162    fi  Herculis 

17''  43"     27°  48' 

A  and  B,  C 

.567  245°.6  32".28  .  . 
.580  245  .5  32  .72  . . 
.638    246  .1      32  .53     .  . 


1914.60      245°.7     32".51 


B  and  C 

.567    156°.4     0".39  10".0    10'".5 

.580    155  .2      0  .44      

.638    152  .9     0  .48  10  .0    10  .8 


1914.60      154°.8      0".44    lO^.O    10'".7 

Comparison  with  I'ljhemcris. 
LoHSE     O-C     +38°.9     -0".22 
AiTKEN   O-C     +13°.9     -0".14 


8235    /3  130 

17''  50"    40°  2' 

.556    119°  .4        1".82     6"      9" 
.575    121  .2        1  .89     5         9 
.580    123  .6        1  .93     6         9  .5 


1914.72     331°.0     27".35 
No  motion. 


1914.57      121°.3  1".88     5".7   9".2 
No  motion. 

8303     T  Ophiuchi 

17''  58"  -8°  11' 

.548    260°.7  2".27     5".0   5".6 

.556    262  .5  2  .11      5  .0   5  .3 

.643    259  .1  2  .19     5  .0   6  .0 

.649    261  .4       2  .02       


1914.60     260°.9       2".15     5-.0   5".6 


8340     70  Ophiuchi 

18'>  1"'     2°  33' 

.602  142°.9  4".23  4" 
.613  141  .7  4  .35  .  . 
.663    143  .1        4  .49     4 


6" 
6  .5 


1914.63      142°.6       4".36     4"      6".2 


Aa 

.613    223°.6     40".74 
.663    223  .2     40  .46 


13" 
11 


1914.63      223°.4     40".60 


12" 


8367    0  636 
Igh  4m     2°  12' 

A  and  B 
1914.748    126°.5       4".34    7".5    13" 

A  and  C 
1914.748    103°.6      14".34     ...    14  .5 

8545     Ho  84 

18''  21"     27°  20' 

.638  320°.7  4".34  9".5  12".0 

.643  321  .7  3  .90  10  .0  13  .0 

.671  322  .2  4  .58  11   .0  13  .0 

.682  320  .1  3  .90  10  .0  13  .0 


1914.66      321°.2     4".  18    10".l    12".8 
Angle    and    distance    probabh'    in- 
creasing,  but   the   measures   are   very 
discordant. 

8548    2  2315 

18''  22"     27°  20' 

1914.638  181°.9   0".24  7".0  8".5 

8663  02-  358 

18''  32"  16°  53' 

.548  189°.0  2".01  7".0  7".3 
.575  188  .8  1  .98  7  .0  7  .2 
.663  187  .6   1  .96  7  .0  7  .2 


1914.60  188°.5  1".98  7".0  7".2. 

8770  A  253 

18''  40"  31°  36' 

.575  138°.4  0".63   

.638  134  .2  0  .70  9".0  lO-.O 


1914.61   136°.3   0".66  9".0  lO^.O 
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8788 

(3  968 

10040 

|3  983 

A,  B  and  C 

18''  42" 

37°  31' 

20''  12" 

25°  20 

' 

.638 

118°.9 

23".79      . .  . 

13".5 

A  and  B 

.638 

160°.5 

1".14 

5" 

9" 

.5 

.739 

118  .7 

23  .97     ... 

12  .5 

1914.748 

50°.  1 

15'".5 

.663 
1914.65 

159  .4 

1   .21 

6 
5".5 

10 
qm 

.0 

8 

.748 

119  .6 
119°.l 

23  .67     ...■ 

13  .0 

lfiO°.0 

1".1S 

1914.71 

23".81      .  .  . 

13".0 

A  and  C 

1914.748 

272°.4 

45".46    4'".5 

15" 

10266     6  63 

.4,  B  and  D 

20''  26'" 

10°  .3fi 

r 

.638 

329°.3 

38".36     .  .  . 

11" 

9319 
19''  23'" 

2  2525 

27°  9' 

A  and  B 

.739 

.748 

329  .7 
328  .4 

38  .33     .  .  . 
38  .71      ... 

10  .5 

.671 

346°.  1 

0".74 

6" 

gm 

.548 

307°.9 

0".92    7'".0 

7".3 

.682 

347  .9 

0  .81 

6 

8 

1914.71 

329°.  1 

38".47 

10"  8 

.580 

308  .6 

0  .82    7  .2 

7  .4 

.690 

345  .3 

0  .68 

6 

8 

5 

.690 

309  .7 

0  .83    7  .7 

8  .0 

1914.68 

6" 

gm 

?, 

10385 

/3  435 

346°.4 

0".74 

1914.61 

308°.7 

0".86    7'".3 

7".6 

20''  35" 

14°  42' 

No  motion. 

.613 

112°.7 

3".14   8".5 

11" 

9500 
19"  36'^ 

^2556 

22°  2' 

.682 

A,  B  and  C 
347°.8      16".82 

14" 

.622 
.638 
.671 

113  .2 
115  .4 
117  .9 

8  .0 

3  .05   8  .5 
3  .09   8  .0 

11 
10 
11 

.638 

129°.8 

0".43    7'".5 

8°'.0 

.690 

347  .2 

15 

.663 

129  .9 

0  .42     . 

1914.64 

114°.8 
10520 

3".09    8'".2 
^65 

10".8 

.693 

132  .0 
130°.6 

0  .45   7  .5 

7  .8 
7".9 

1914.69      347°.5 
No  motion. 

16".82 

14" 

.5 

1914.66 

0".43    7'".5 

20h  44" 

5°  42' 

10281 

Da  1 

.608 

191°.0 

1".65    5-" 

9".5 

9659 

(3  361 

20''  27"' 

10°  .^8 

/ 

.682 

192  .5 

1  .78   5  .5 

9  .0 

19''  46-" 
348°.6 

22°  27' 
3".60    9'".0 

9-».5 

A  and  B,  C 

.608 

1914.64 

191°.8 

1".72    5".2 

9".2 

.663 

349  .7 

3  .90   9  .0 

9  .5 

.542 

255°.5 

16".20 

349°.2 

g-^.s 

.575 
.580 
.583 

255  .7 

255  .7 

256  .2 

16  .04 
15  .95 
15  .95 

10533 
20"  44" 

02  413 
36°  11' 

1914.64 

3".75    O-^.O 

Probably  fixed. 

.602 

256  .5 

15  .84 

A  andS 

— 

.715 

57°.6 

0".73    5" 

7" 

9719 

2-  2597 

1914.58 

25.5°. 9 

15".97 

.734 

57  .1 

0  .72   5 

6  .5 

19''  51"" 

-  6°  58' 

.682 

91°.4 

1".25    7-" 

gm 

^  and  D 

1914.72 

57°.4 

0".72    5" 

6".8 

.690 

89  .0 

1  .27    7 

8 

.542 

104°.8 

23".87 

Comparison  with  Hussey's  ephem- 

.575 
.580 

105  .7 

106  .3 

23  .30 
23  .75 

eris  from 
0- 

rectilinear  motion. 

C       +1°.3        -0".06 

1914.69 

90°.2 

1".26    7-° 

gm 

Probab 

ly  no  motion. 

.583 

106  .3 

23  .63 
23".64 

- 

10559 

2"  2729 

1914.57 

105°.8 

9833 

02  395 

20"  46" 

-5°  56' 

.583 

19''  58'° 
106°.3 
105  .3 
108  .4 

24°  42' 
0".77    6".0 
0  .78 
0  .71    6  .0 

6".4 
6.5 

.580 
.583 
.602 

B  andC 
210°.l        0".43 
216  .7       0  .44 
209  .5       0  .39 

7    5 

7 

5 

.608 
.638 

332°.4 
332  .0 

0".42   6"^ 
0  .46   6 

7" 
7 

.586 
.602 

1914.62 

332°.2 

0".44   6" 

7" 

.605 

104  .3 

0  .80   6  .0 

6  .5 

1914.59 

212°.l 

7"  5 

Comparison  with  Aitken's  ej 
eris,  Lick,  Vol.  XII. 

jhem- 

0".42 

7m 

5 

1914.59 

106°.  1 

0".76  e-^.o 

6'°.5 

0- 

-  C       +3°5       -0".01 

10363    13  Delvhini 

9908 

/3  428 

20''  34" 

14.°  IS 

/ 

10643 

2  2737 

20''  3"' 

12°  42' 

A  andS 

20'^  55" 

3°  58' 

.583 

353°.4 

0".72   7'''.0 

8-.5 

.638 

291°.2 

0"27 

Am. 

f^m 

1914.663 

307°.0 

0".19     .  . . 

.602 

355  .7 

0  .74   7  .0 

8  .5 

8-°.5 

.739 

.748 

292  .7 
288  .4 

0  .24 
0  .29 

4" 

5 

Plane  of  orbit  very  nearly  in  tl 
of  sight.     Distance  diminishing 

le  line 

1914.59 

354°  6 

0"  73    7"  0 

about 

— 

0".04  a  year.     Very  close  and  di 

iticuit 

Fixed. 

1914.71 

290°.8 

0".27 

Am 

5" 

for  the  next  few  years. 
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10685    ^  2744 

20''  58™     1°  12' 

.548  158°.G     6"\0     6".5 

.567  157  .4  1".79  6  .0     7  .5 

.580  157  .9  1  .50  G  .0     7  .0 

.583  157  .5  1  .35     


1914.57      157°.6  1".55  6"'.0     7'".0 

10689  0  69 

20''  59"'  21°  21' 

A  and  B 

.586    319°.l  0".87  8-".0     9'".0 

.605    322  .0  0  .88  7  .5     9  .0 

.663    319  .9  0  .92  8  .0     8  .7 


11125    |3°  122 

21''  35"°     -0°  27' 

A  and  B 

1914.663    293°.5       0".51    7'".0     7-''.5 

The  drawing  in  Burnham's  General 

Catalogue    lias    the    coordinates    180° 

wrong. 


.4,  B  and  C 
1914.663    146°.7     41".44 


.4,  B  and  C 

.715    297°.6      12".65 
.729    297  .1      


U-'.O 


1914.62     320°.3       0".89   7'".8     8"'.9 


.4,  B  and  C 
1914.663    239°.3     77".49 

C  and  D 

.586    157°.0      18".75    7'".5    13'".0 
.605    157  .7 


11190  Lv  10 

21'' 39"'  -11°  32' 

.567    284°.7        1".21    8°'.5    10" 
.575    283  .0        1   .21    8  .3     9 


9'".5 


1914.57      283°.8        1".21    8"'.4 

Slow  increase  in  angle  and  decrease 
in  distance. 

Discovered  with  the  26-inch  equa- 
torial of  the  McCormick  Observator}^ 
and    not    at    the    Haverford    College 
18    90    7    0    12    .5  i  Observatory,  as  stated  in  Burnham's 
General  Catalogue. 


1914.72      297°.4      12".65     

11329  (3  1213 

21''  50"  13°  10' 

1914.739    311°.8  0".72   9'".0     9"'.5 
No  motion. 

11443     Ho  610 

21''  58"'     26°  26' 

A  and  B 


.682    237°.8 
.709    239  .9 


0".72    O-^.O     9"'.6 
0  .70   9  .0     9  .7 


1914.70     238°.8 
No  motion. 


0".71    9^.0     9"'.6 


1914.60      1.57°.3      18".82    7"'.2    12"'.8 


10726    A  178 
21''  2"'     20°  .57' 
1914.720    73°.0         0".89   8" 


10829    5  Equidei 

21'' 10"'     9°39' 

.709    206°.5        0".34    5"'.0 
.739    209  .1        0  .30     ... 


10"'.5 


5"'.  2 


.586  131°.9 

.605  131  .0 

.608  130  .8 

.622  132  .4 


11214    M  Cygni 

21''  40™     28°  21' 

A  and  B 

1".89  4"'.0 

1   .79  ... 

1  .82  4  .0 

2  .07  4  .0 


5"'.5 

5  .0 
5  .5 


1914.72      207°.8       0".32    o^.O     5'".2 


10846 
21''  11" 


T  Cygni 
37°  40' 


1914.61      131°.5        1".89   4'".0      5"'.3 
61  C'lKini  type. 

A  and  C 
..586    274°.5     45".28 


.605    274  .3     45  .62 
.622    274  .4     45  .81 


11»'.0 
11  .5 


.4,  B  and  C 

.682    329°.  1      32".62 
.709    329  .3     32  .76 


10"'.5 
11  .0 


1914.70    [329°.2     32".69 
Not  measured  before. 

.4,  B  and  D 

.682    282°.7     34".97 
.709    283  .1      34  .74 


10"'.8 


10"'.7 
11   .5 


A  and  B     ■ 
.663    212°.7       0".80   .5'" 


.715    209  .6 
.720    213  .5 


l".ll    5 
0".93    5 


1914.70     211°.9       0".95   .i"- 


8" 


1914.60     274°.4     45".57 

11222     Kl'egasi 

21''  41'"     25°  16' 

.1  and  B 


11  "'.2 


1914.70    f282°.9     34".86 
Not  measured  before. 

.4,  B  and  E 
1914.709    238°.9      57".71 
Not  measured  before. 

11646     H  962 

22''  16'"     5°  21' 

.4  and  B 


11"'. 


10" 


.602  18°.7 
.605  19  .5 
.613      18  .4 


6".28   6" 
6  .14   6 
5  .90   6 


12"'.5 
12  .5 
12  .4 


Coniiiarison  witii  .\itken'.s  ephem 
eris,  Lick,  Vol.  XII. 

0-C      +2°.7       -|-0".09 


.715    158°.7 
.734    146  .3 


0   .17 


1 1914.61        18°.9 
No  motion. 


6".ll    e-"       12'".5. 


.4  and  C 
1914.720    227°.7     29".45 


1914.73      152°.5       0".16     

Comparison  witli    Lohse'.s   opliom- 
I  eris,  Potsdam,  Vol.  20. 
i;jn.  I      o-r     -fl4°.9     -0".06or0".02 


A   and  r 

.602  225°.2  12".23 
.605  224  .4  12  .23 
.613  223  .5   12  .13 


1914.61   224°.4   12".20 


12'".0 
12  .2 
12  .0 

J2"'.l 
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11691 

/3  172 

22''  19™ 

-5°  17' 

.608  353°.8 

0".56 

.663  355  .4 

0  .63 

A,  B  and  C 

.720    198°.3      

.734    199  .0     


1914.64      354°.6       0".59     

11793     Ho  475 
22h  28"     26°  0' 
A  and  B 
.682    142°.2       0".96    8'".5     8-".5 


.709    139  .8 
.715    141  .8 


0  .72   8  .5     8  .6 
0  .83    8  .0     8  .1 


1914.70      141°.3       0".84   8'".3     8-".4 


A,  B  and  C 

.682  224°.4  8".08 
.709  223  .1  8  .19 
.715    224  .2       8  .15 


1914.70      223°.9      .8".  14 

11803     13  77 

22>>  30""     -  2°  14' 

A  and  B 

.603  218°.9 
.613  215  .3 
.671    214  .1 


A  and  C 

.603  225°.5  27".98 
.613  226  .2  28  .03 
.671    226  .2     27  .63 


1914.63      226°.0     27".88 
Distance  diminishing. 


11".0 
12  .0 
11  .0 


1914.73      198°.6     

12046    (3  178 
22h  50"'     -5°  27' 
1914.605    327°.7       0".63    8'".0 
Slow  increase  in  angle. 

12058    (3  383 
22h  52m     go  0' 

A  and  B 

.602    118°.4       2".36    8-° 

.613    116  .5     8 

.671    118  .4       2  .61    6  .5 


9'".5 


13-".5 
13  .5 
13  .5 


12205    /3  852 

23^  6"^     26°  3' 

.4  and  B 


.734    282°.5 
.756    282  .6 


58".40    7' 
58  .35    7 


1914.74      282°.6  58".38    7-" 
No  motion. 

B  and  C 

.     .709    358°.6  1".61  lO-'.S 

.715    360  .2  1   .55  10  .5 

.739    358  .9  1  .46  10  .7 

.756    361  .8  1  .31  11  .0 


ll-^.O 
11   .0 

11  .5 

12  .0 


1914.63      117°.8 
No  motion. 


2".48    7'".5    13™.5 


ll"'.3i 


2".71  9'".2  9'".6 
2  .66  9  .0  9  .8 
2  .72   8  .8     9  .3 


1914.63      216°.l        2".70   9'".0     9'".6 


ll-^.S 
11  .5 
11  .0 


A  and  C 

.602  241°.2  16".38 
.613  241  .1  15  .60 
.671    242  .2      15  .64 


12™ 
11 
11   .5 


11^.3 


11895     Ho  296 

22''  37°'     14°  6' 

.734     42°.0       0".36    5"'.0     6^.0 
.748      39  .2       0  .43    5  .5     6  .0 


1914.73        40°.6       0".40   5'''.2     6'".0 

Angle  decreasing. 

12008    Ho  482 

.  22''  47™     25°  56' 

A  and  B 

.720    207°.l        0".21    7"'.5     7'°.7 
.734    203  .0       0  .22   7  .0     8  .0 


1914.73      205°.0       0".22   7'°.2     7™.8 
Rapid  increase  in  angle  probable. 


1914.63      241°.5      15".89     .  . . 
No  motion. 

12069     2^  2959 
22''  53™     -3°  42' 

A  and  B 

.542  107°.4  12".42  6™.5 

.548  107  .3  12  .61  6  .5 

.575  106  .6  12  .52  ... 

.671  107  .3  12  .70  6  .8 

1914.58      107°.2      12".56    6™.6 
Proper  motion  in  B. 

A  and  C 
1914.542    102°.2     22".47      .  .  . 

B  andC 

.548     95°.7      10".88    10™ 

.575      94  .7     

.671      95  .7      10  .87    10 


11"".5 


10" 
10 

10 


1914.73      359°.9      1".48    10™.7    11™.4 
Slow  decrease  in  angle. 


B  and  D 
.709    210°.4      19".25 
.715    210  .2      19  .83 
.739    208  .8      18  .84 


15" 

15 

14 


10" 


13" 


13"'- 
13  .5 


1914.60       95°.4      10".88    10""  13"'.2 

12094    O-T  483 

22''  55-"     11°  16' 

.567    233°.2       0".92   6™  S-" 

.575    229  .9       0  .97    7  8 

.602    232  .6        1  .06   6  .5  8 


1914.58      231°.9       0".98   6"'.5     8'".0 


1914.72      209°.8      19".31      ... 

12290     /3  80 
23''  14™     4°  56' 
1914.739    240°.0       0".63    8"'.3 

12311     Ho  488 

23"  16™     2°  0' 

A  and  B,  C 

.575    201°.5       4".40     ... 

.613    200  .7        4  .35      ... 

.638    199  .0       4  .06     . . . 

.649    203  .4       4  .22     . .  . 


14™.7 


9™.8 


1914.62      201°.l       4".26  . .  . 
Fixed. 

5  and  (7 

.575    215°.5       0".97  ... 

.638    213  .3       0  .84  10™ 

.649    218  .4       0  .73  ... 


10™.7 


1914.62      215°.7 
No  change. 


0".85    lO-"     10™.7 


12363     Ho  489 

23h  22"'    27°  14' 

A  and  B 

.682  243°.3  0".53    7™.5 

.715  242  .9  0  .59   8  .5 

.720  242  .1      

.734  241  .8  0  .52   8  .0 


1914.71      242°.5       0".55   8™.0 
Probably  no  change. 


8™.0 
9  .0 

8  .0 
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12432 

23'^  30™ 

.567  182°.4 
.682  185  .9 
.709    186  .5 


)3  720 

30°  51' 

0".44  6'".0 
0  .42  ... 
0  .41    6  .0 


6-".l 
6  .0 


1914.65      184°.9       0".42   6"\0     6".0 


12501 

23''  36" 

.720  192°.2 
.734  191  .6 
.739    192  .9 


Ho  303 

19°  53' 

S^'.O 

0".65    8  .0 


12"'.0 
12  .0 


1914.73      192°.2        0".65    8".0    12'".0 


12609 
23h  48m 

.567    212°.2 
.580    211  .3 


13  859 

22°  29' 

0".58   8"-.5 
0  .68     ... 


8"'.6 


1914.57      211°.8       0".63   8'".5     8>".6 


12701     iS  733 

23''  58"'     26°  38' 

A  and  B 

.638  120°.0     6" 

.715  122  .1      

.720  118  .2  0".81      . 

.734  121  .6  0  .90   6 


10" 

12 
11 


1914.70      120°.5       0".86    6" 


11" 


Comparison   with    Lohse's    ephem- 
eris,  Potsdam.  Vol.  20. 

0-C       -11°.2       +0".06 


A  and  C 
1914.682    335°.6      52".08     

12709     /3  281 
23''  58'"     1°  39' 
A  and  B 
1914.758    193°.0        1".41    7"'.5    11" 


A  and  C 
1914.758    333°.9     34".40 


12^.5 


12723     A  429 

23''  59""     27°  30' 

A  and  B 

.734  342°.4  0".51  9"'.0  9"'.3 
.739  345  .0  0  .58  8  .8  9  .2 
.748    339  .2       0  .51      


1914.74  342°.2       0".53    8"'.9     9'".2 

Angle  reversed     from     Aitken's 

measure;  magnitudes  estimated  with 
care. 


A 

,B 

am 

(■ 

.734 

288° 

.8 

5' 

'AC,      . 

9" 

.2 

.739 

289 

.0 

5 

.02      . 

9 

.3 

.748 

289 

.3 

5 

.29      . 

1914.74      289°.0       5".  16 


9"'.2 


Minninixilix,  Minn..  Xoiiinbcr  30,  1014- 


ASTEROID    JY,  776, 

By  F.  E.  SEAGRAVE. 


=  Mari-li  29.5000  =  1914. 
(i.M.T. 


M  =  105°  7'  27".72 
o)  =  305°33'  20".69 
TT  =     25°  9'  11  ".71 
n  =     79°35'  51  ".02 
i  =     18°  0'  .55".91 
Log  e  =  9.1336686 
Log  a  =  0.4659298 
Log  q  =  0.4024232 
fi  =  709".7606 


X  =  r(9.9789156)  Sin  (169°  4'  25".71  +  u.) 
y  =  r(9.9556718)  Sm  (  87°  48'  52".  10  +  ii.) 
z  =  r(9.7213838)     Sin  (  48°     I'  .56".59  +  «.) 


0   = 


(1+e) 


=  a  (1— e)  -  (o  cos  tp)  tan  (4=5°  —  }4<p) 


0.4578170   9.9364938 
0.0553938   0.4659298 


0.4618734 
9.9405498 


Log  ?  =  0.4024232  =  0.4024236   =   0.4024232 


Boston,  September  3,  W14. 
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PREFERENTIAL  MOTION  ACCORDING  TO  TYPE, 

Bv  H.  RAYMOND. 


The  present  paper  is  a  determinatiun  of  the  vertex 
of  preferential  motion  l)y  Schwarzschild 's*  method, 
based  on  6033  jjroper-motions  from  Boss's  Preliminary 
General  Catalogue.  The  rejections  are  practically  the 
same  as  those  made  by  Prof.  Lewis  Boss  in  his  investiga- 
tions on  solar  motion  {AJ.,  612,  614  and  623-624).  The 
proper-motions  were  first  dividetl  into  those  less  than  and 
those  greater  than  20"  per  century.  The  stars  of  small 
motions  were  further  grouped  according  to  type.  The 
skj'  was  divided  into  108  approximately  eijual  areas  by 
circles  of  galacticj  latitude  and  longitude,  the  pole  of 
the  gala.xy  lieing  taken  at  K.A.  193°.33,  Dccl.  +27°.35, 
and  its  ascending  node  on  the  ecjuator  as  the  origin  of 
longitudes. 

All  the  work  to  this  point,  together  with  the  computa- 
tion of  the  position-angles  of  the  proper-motions,  had 
been  done  Ijy  Prof.  Boss,  in  connection  witli  Ins  investi- 
gations above  cited. 

Schwakzsc'hild's  meth(nl  rests  on  the  hypothesis  that 
the  distribution  of  (leculiar  motions  is  "ellipsoidal," 
i.e.,  that  the  number  of  stars  having  the  rectangular 
components  of  their  peculiar  motions  between  u  and 
n  -\-  (111.  I'     and     r  -\-  dv,  »•     and     ir  +  du\     is 


^i/2AB- 


.,-n'/A--v-/B-- 


du  dv  dw 


where  the  axis  of  a  is  directed  toward  the  vertex,  and 
A'^  is  the  number  of  stars.  .4  and  B  are  propor- 
tional to  the  mean  velocity-  in  the  direction  of  preferential 
motion  and  at  right  angles  to  that  motion,  respectiveh'. 
a  and  |8  are  corerspontling  (piantities  for  the  ellipse 
into  which  the  ellipsoidal  velocity -figure  projects  against 
the  celestial  sphere;  and  if  /3/a  =  cos;/-,  B/A  =  cos*, 
and  X    is  the  angle  between  the  line  of  sight  and  the 

*Nachr.  i\  d.  Kgl.  Gcsclt.  d.  Wisnenschaflen  zu  G'Mingcn,  Math.. 
Pkys.  KL,  1907,  p.  614;  1908,  p.  191;  from  which  the  foUowing 
summary  is  adapted.  Sec  also  Belj.^wski,  A.N.,  4291;  Rudolph, 
A.N.,  4:^69. 

t  As  no  other  latitiules  or  longitudes  will  be  referred  to,  the 
adjective  will  be  hereafter  omitted. 


direction  of  preferential  motion,  we  have 
tan  4/  =  tan  *  sin  x  • 

The  center  of  the  projected  ellipse  is  shifted  from  the 
origin  by  solar  motion.  The  position-angle  6i  of  the 
solar  apex  divides  the  proper-motions  into  two  numerically 
equal  groups.  To  find  the  direction  d^  of  the  vertex, 
turn  a  pair  of  rectangular  axes  about  the  origin,  letting 
the  number  of  proj^er-motions  in  each  cjuadrant  as  so 
divided,  be  Hi,  «2,  '*3,  «4,  in  order;  the  re's  changing 
with  the  position-angle  d  of  the  rotating  x-axis. 
When  log  Wi  n^/n-z  iii  =  0,  and  is  decreasing  as  d 
increases,  the  turning  axes  are  parallel  to  the  principal 
axes  of  the  ellipse,  and     d  =  Bq  . 

(nj  -  Hi)  -  {rii  -  Hi) 


For   d  =  dn   compute    v{y.)  = 
(«3  -  Hi)  +  \ni  -  na) 


N 


and 


v{v)  = 


.V 


where    v{fx),    v{v)    repre- 


sent the  probability  integral  for  the  arguments  n  ,  v. 
If  h  is  the  tangential  component  of  solar  motion, 
h/a  =  m/cos  (^i  -  9o)  ,  /(//3  =  f/sin  (di  -  9a)  ;  from 
which  we  find    fi/a    and    tan  i/-. 

If  h  is  small  (near  apex  or  antapex),  or  if  the  sine 
or  cosine  of  di  —  da  is  small,  tan  \p  will  not  be  well 
determined.  In  these  cases  it  \yill  be  necessary  to  find 
another  pair  of  conjugate  diameters  of  the  ellipse.  If 
6'  and  6"  be  the  position-angles  of  lines  through 
tlie  origin  parallel  to  such  a  pair,  and  the  numljer  of 
proper-motions  in  the  parts  (not  in  general  cjuadrants) 
into  which  they  divide  the  ellipse,  beginning  from  d', 
be     h.k,  l.i  .  ^4  ,    then    /i  h/li  h  =  I  :     whence 


h  +  h 


h 


h 


But  6'  may  be  chosen  arbitrarily,  so  that  the  first 
ratio  is  known,  and  the  second  or  third  may  be  made 
eciual  to  it  by  trial,  varying  8".  Then  fi~/a-  —  —  tan 
(9'  -  9o)  tan  {&"  -  da).  In  practice  6'  should  be  so 
chosen  that  tan  (6'  —  d^)  will  l)e  near  the  expected 
value  of    13 /a  . 

(25) 
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The  position-angles  were  in  two  forms;  first,  referred 
to  the  pole  in  the  usual  way,  and  second,  referred  to  the 
apex  (R.A.  270°.5,  Decl.  +  34°.3).  Clearly,  the  nearer 
the  pole  of  reference  is  to  the  vertex  (or  antivertex)  to 
be  determined,  the  less,  other  things  being  equal,  will 
be  the  effects  due  to  the  fact  that  the  areas  are  ext(>nded 
regions  and  not  points.  The  North  Pole  is  about  80° 
from  the  vertex,  the  apex  about  45°  from  the  antivertex. 
The  second  system  of  position-angles  was  therefore  used, 
except  for  a  few  areas  near  the  apex  and  antapex. 

The  numbers  of  position-angles  in  each  area  were 
tabulated  for  each  10°  of  position-angle.  These  tables 
were  smoothed  only  in  a  few  cases  where  the  differences 
were  so  irregular  that  the  necessary  interpolations  could 
not  otherwise  be  made.  The  values  of  do  when  found 
were  referred  to  the  direction  of  the  north  galactic  pole 
as  zero  line  by  adding  the  appropriate  corrections. 


Each  area  gives  two  equations  for  finding  the  vertex 
and  the  ratio  of  the  axes  in  the  velocity-ellipsoid  by 
least  squares  : 

—  tan  \p  sin  do  =  sinl .  X  —  cos  /  .  Y 

—  tan  i^  cos  ^0  =  cos  ?  sin  6  ■  X  -|-  sin  lb  ■  Y  —  cos  b    Z 

where 

A'  =  cos  L  cos  B  tan  * 

Y  =  sin  L  cos  B  tan  * 

Z  =  sin  B  tan  * 

B/A  =  cos  * 

L  and  B  are  respectively  the  longitude  and  latitude 
of  the  vertex,  I  and  b  those  of  the  center  of  the  area. 
Substituting  h/0  for  tan  \p  and  di  for  ^o,  we  get  V/B 
and  the  coordinates  of  the  apex  by  a  similar  i)rocess. 
The  results  are  given  in  Table  L 


Table 

L 

Vertex 

Apex 

Group 

No.  of  Stars 

L„ 

B„ 

B/A 

A„ 

o 

.4, 

0 

O 

B/V 

A/V 

A  (B8  -  .44) 

1647 

168.9 

+    L4 

.49 

96.5 

-hlO.6 

271.5 

+  26.G 

.74 

1.5 

F  iA5  -  FS) 

656 

173.0 

-    1.3 

.56 

96.0 

+  5.6 

262.0 

+26.0 

1.26 

2.2 

G 

444 

148.9 

-  3.4 

.52 

81.6 

+25.5 

251.6 

+41.0 

1.28 

2.5 

K 

1227 

162.0 

+  3.8 

.54 

95.4 

+  17.7 

266.2 

+38.9 

1.07 

2.0 

M 

222 

148.9 

+  10.3 

.61 

95.3 

+32.2 

271.6 

+  27.2 

1.22 

2.0 

All  types 

4686 

169.5 

+  0.9 

.52 

96.3 

+  9.7 

264.0 

+33.7 

.92 

1.8 

Large  P.:M. 

652 

158.4 

0.0 

.39 

90.0 

+  19.1 

270.2 

+30.7 

.72 

1.8 

Complete 

■    6033 

164.9 

+  0.1 

..52 , 

93.4 

+  13.0 

268.5 

+35.5 

.97 

1.9 

The  group  "all  types,"  consisting  of  stars  of  tjqies 
from  Oe5  through  M  with  proper-motions  under  20"  per 
century,  was  solved  by  hemispheres,  dividing  the  sky 
into  halves  in  three  different  ways.  The  results  are 
shown  in  Table  IL     The  differences  give  an  idem  of  tlie 

Table  II. 
'•  .\11  Types,"  by  Hemispheres. 


Hemisphere 

o 

Lut.    0  to 
0  to 
0  to 
180  to 
90  to 
270  to 


Long. 


+  90 

-  90 

180. 

360 

270 

90 


169.1 
169.6 
167.4 
172.0 
170.7 
168.1 


+0.6 
+0.2 
-0.2 
+  1.3 
-O.l 
+0.9 


B/A 

.52 
.51 
.54 
.56 
.52 
.51 


errors  to  be  expected  in  this  amount  of  material.  For 
the  solutions  by  separate  types  some  combination  of 
areas  was  necessary,  because  of  the  scantiness  of  the  data. 
.\s  no  prohibitive  discrepancies  appeared  between  opposite 
hemispheres,  the  material  of  antipodal  areas  was  combined 
for  each  of  the  other  groups,  reducing  the  number  of  areas 
from  108  to  54.  The  position-angles  in  the  area  thus 
transferred  to  its  opposite  were  of  course  subtracted  from 


360°.  For  tlic  small  types  F,  G  and  .1/,  adjoining  areas 
were  further  combined  into  15  large  areas.  The  original 
108  areas  were  given  equal  weights.  Unequal  weights 
would  have  complicated  the  solution  without  correspond- 
ing gain  in  accuracy. 

In  each  group,  separate  solutions  were  made  of  the 
"galactic"  areas,  between  +30°  and  -30°  of  lati- 
tude, and  the  "non-galactic"  areas,  outside  those  limits. 
The  results  are  given  in  Table  III.  The  galactic  areas 
determine  L  with  about  one-third,  and  B  with  about 
two-thirds,  the  weight  of  the  whole  material. 


Tablk 

111. 

Group 

( 

Kilactic 

Non-Gal.ictic 

io 

Bu 

B/A 

L„ 

B,. 

B/A 

B8    to  .44 

177°.9 

0 

-  0.8 

.50 

163°.2 

+  5°.9 

•4T 

^5   to  F9 

166.7 

+  3.2 

.62 

176.2 

- 10.9 

.52 

G 

156.4 

+  12.0 

.60 

145.7 

-30.0 

.42 

K 

154.1 

+  4.1 

.53 

167.5 

+  2.7 

.54 

M 

159.1 

+  0.8 

.61 

142.6 

+34.8 

.54 

All  types 

170.7 

+  2.5 

.50 

168.7 

-  3.2 

.53 

Large  P.M. 

172.0 

-   1.3 

.40 

149.4 

+  2.8 

.37 

Complete 

165.3 

-  0.3 

.48 

164.6 

+   1.2 

.55 
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The  group  "all  types"  contains  not  only  the  groups 
which  precede  it  in  Tables  1  and  III,  but  490  stars  of  type 
B  (0e5  to  Bo).  Type  B  could  not  be  treated  by  this 
method,  since  its  peculiar  motions  are  so  small  relative 
to  the  effect  of  solar  motion  that  the  position-angles  in 
an  area  often  have  a  range  of  less  than  90°.  Such  areas 
cannot  be  solved  for  do ,  and  other  areas  so  far  approxi- 
mate to  this  condition  that  their  solution  has  no  value. 
The  final  group  contains  the  groups  "all  types"  and 
"large  p.m."  and  695  stars  of  undetermined  type  with 
proper-motions  less  than  20".  It  thus  nearly  corresponds 
to  Eddington's*  solution  {M.N.,  LXXI,  21)  by  an  alto- 
gether different  method,  from  which  it  differs  less  than 
2°  in  the  position  of  the  vertex. 

Some  of  the  more  important  results  exhibited  in  the 
tables  are  : 

1.  The  vertices  for  the  various  groups  lie  in  a  band 
making  a  small  but  well  marked  angle  with  the  galaxy: 
—  practically  in  the  direction  of  solar  motion.  The 
vertices  for  the  early  types  A  and  F  and  those  for 
the  late  types  K  and  M  lie  somewhat  separated 
from  each  other  near  the  two  ends  of  this  band.  G  is 
anomalous.  As  Mr.  Benjamin  Boss  findsf  a  similar 
phenomenon  in  the  determinations  of  the  apex  of  solar 
motion  according  to  type  (roughly  confirmed,  at  least 
in  part,  in  the  latter  part  of  Table  I),  the  question  arises 
whether  the  determination  of  apex  and  vei'tex  are  com- 
pletely independent  of  each  other.  Mathematically  the 
the  recognized  methods  seem  to  be  sound;  but  they  rest 
upon  assumptions  in  regard  to  the  areal  and  radial  dis- 
tribution of  the  stars,  the  similarity  of  motions  in  dift'erent 
regions,  and  the  laws  of  distribution  of  those  motions, 
which  can  hardly  be  true  save  in  the  roughest  way. 

The  tlistriljution  of  vertices  here  found  is  nearly  along 
a  meridian.  If,  however,  it  were  due  to  errors  in  the 
proper-motions  in  declination,  it  should  also  appear  in 
Table  II.  It  is  difficult  to  believe  that  errors  of  sufficient 
size  could  exist,  varying  with  type  but  not  with  ]iosition 
in  the  sky. 

2.  Examination  of  Table  III  shows  that  the  range  of 
"galactic"  and  "non-galactic"  solutions,  for  each  group, 
falls,  when  at  all  large,  into  the  same  belt.  Type  G  is 
again  anomalous,  in  regard  to  both  the  amount  and  the 
direction  of  the  range.  Anomalies  seem  to  be  more 
frequent  for  non-galactic  than  for  galactic  stars.  These 
results  can  claim  no  great  accuracy,  especiallj^  for  the 
smaller  tj'pes. 

*  Eddington  omitted  stars  known  to  be  of  type  B,  and  was 
more  drastic  in  excluding  members  of  stellar  streams.  His  vertex 
is  at  94°.2,   -t-ll°.9. 

t  A.J.,  649-6.50,  p.  15;  668,  p.  193. 


3.  The  ratios  B/A  show,  rather  uncertainly,  that  the 
the  preferential  element  of  motion  is  stronger  in  the 
earlier  types,  and  within  the  earlier  t:^T3es.  for  non-galactic 
starst ;  and  decisively,  that  it  is  stronger  for  large  proper- 
motions.  The  last  result  has  been  foundft  by  Dyson  and 
others,  and  accords  with  the  underlying  theory  of  this 
method.  It  should  be  noted,  however,  that  when  the 
the  small  and  moderate  proper-motions  have  been  re- 
moved, the  method  no  longer  strictly  applies,  and  will 
give  too  small  a  value  of  B;  on  the  other  hand,  a  weak 
group  is  likely  to  make  BjA  large,  because  of  the 
greater  element  of  chance. 

4.  Attention  has  been  called  §  to  the  fact  that  the  proper- 
motions  of  the  earlier  type  stars  are  greater  in  the  non- 
galactic  than  in  the  galactic  regions;  PlummerIJ  has  ex- 
plained this,  and  the  converse  relation  found  by  Camp- 
bell in  the  radial  velocities,  on  the  basis  of  parallelism 
of  peculiar  motions  to  the  galactic  plane.  It  has  been 
suggested  that  the  velocity-figure  for  these  stars  might 
be  an  ellipsoid  of  three  unequal  axes,  thin  in  the  direction 
of  the  galactic  poles.  If  such  were  the  case,  the  ratio  of 
axes  in  the  projected  ellipse  should  be  least  in  the  galactic 
region,  giving,  when  solved  separately,  a  smaller  B/A; 
which  is  contrary  to  the  testimony  of  these  results.  The 
evidence,  such  as  it  is,  tends  to  the  conclusion  that  the 
proper-motions  within  and  those  without  the  galaxy  are 
differently  distributed,  the  non-galactic  ellipsoid  being 
for  early  types  more  prolate.  This  favors  the  idea  that 
the  non-galactic  stars  are  outside  the  galaxy  as  the  result 
of  a  selective  process.] I 

5.  The  ratios  B/V  and  AjV  show  a  marked 
increase  from  type  .4  to  later  types,  corresponding  to 
the  well-known  increase  of  velocities  with  advancing 
type.  If  account  be  taken  of  the  increase  of  V  with 
advance  of  tj^pe,  from  about  16  km. /sec.  for  A  and  F 
to  about  21  km. /sec.  for  K  and  M**,  the  increase  in 
the  semi-axes  A  and  B,  and  consequently  in  the 
peculiar  motions,  is  still  more  marked,  and  is  progressive 
through  tj^je     F. 

JSee  B.  Boss,  "Systematic  Motions  of  the  Stars  Arranged 
According  to  Type,"  A.J.,  6.3.5-6.36.  Especially  sections  4,  7  and  8 
at  the  end. 

tfProc.  R.  S.  Edinbm-gh,  XXIX,  376-392.  Also  Beljawski,  A.N. 
4291. 

§  L.  Boss,  in  A  J.,  614,  p.  122;  623-624,  pp.  193,  194. 

If  M.N.,  LXXII,  170  ff. 

II  L.  Boss  in  A.  J.  623-624,  p.  194. 

**  CAMPBELL,  L.  0.  B.  196. 

Dudley  Observalorij,  July  1914- 
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ON    RING-MICROMETER    OBSERVATIONS    OF    COMETS, 

By  WILLIAM   DOBERCK. 


The  following  observations  were  made  at  Kowloon, 
Sutton,  Surrey  in  51°22'19".8  N.,  0''0"44^53  W.Gr.,  167 
feet  above  M.  S.  L.,  with  the  double  ring  micrometer 
(described  in  V.J.  Vol.  48,  p.  153)  acquired  by  aid  of  a 
grant  from  the  trustees  of  the  Elizabeth  Thompson 
Science  Fund.  It  is  used  on  a  7}4-'m-  Cooke  refractor. 
The  magnifying  power  is  53. 

The  diameters  of  the  rings  were  measured  by  central 
transits  of  stars  of  different  magnitudes,  and  also  by 
pairs  of  stars  of  known  differences  of  declination.  The 
results  agree,  but  the  latter  method  appears  to  have  been 
devised  for  use  before  equatorials  were  furnished  with 
efficient  driving  clocks.  Peters's  method  is  needed  only 
in  case  the  telescope  is  not  equatorially  mounted.  There 
is  an  error  introduced,  as  the  star  cannot  be  placed  exactly 
in  the  center  of  the  ring,  but  it  amounts  to  only  a  very 
small  fraction  of  a  second  of  arc  and  is  eliminated  by 
neglecting  refraction.  The  latter  must  otherwise  l^e 
taken  into  account  in  the  same  way  as  it  should  be  al- 
lowed for  in  case  of  the  transit  instrument  if  the  wires 
are  not  observed  sjTOimetrically  on  both  sides  of  the 
middle  wire. 

Corrections  have  been  applied  for  refraction,  proper 
motion  of  the  comet,  and  curvature,  when  necessary,  but 
not  for  retardation.  It  is  on  account  of  the  latter  that 
the  diameters  of  the  rings  depend  upon  the  magnitude  of 
the  star  observed.  The  outer  diameters  increase  and  the 
inner  decrease  with  the  magnitude,  but  the  mean  diameter 
is  constant.  It  is  the  same  when  observations  are  made 
in  the  daytime  as  at  night.  In  consequence,  declinations 
are  not  much  affected  by  retardation. 


The  retardation  of  fixed  stars  observed  with  bar  mi- 
crometers has  been  investigated  by  Pihl  (on  occulting 
micrometers.  Christiania,  1893)  and  his  results  are  con- 
firmed here,  although  his  telescope  was  much  smaller 
than  mine.  As  regards  the  comets  observed  here,  the 
retardation  was  determined  by  comparing  the  time  it 
took  the  comet  to  pass  beliind  the  ring  with  the  time 
calculated  from  the  diameters  of  the  ring  and  the  shortest 
distance  of  the  comet  from  the  center. 

The  correction  for  retardation  to  be  added  to  the 
observed  R.A.  was  found  to  amount  to  -^  3^28  in  case 
of  Metcalf's  comet  (this  comet  may  have  been  lost  to 
sight  before  it  reached  the  ring),  -f-l'.21  for  Kritzinger's 
comet,  H-0".86  for  Westphal's  comet,  and  —  0'.28  for 
Zlatinsky's  comet.  There  was  no  correction  in  case  or 
Del.avan's  comet. 

Metcalf's  comet  was  seen  as  an  extremel}^  faint  and 
ill  defined  nebula,  several  minutes  in  diameter,  a  little 
brighter  near  the  center.  The  nucleus  was  about  the 
13th  magnitude,  but  it  could  not  be  seen  when  close  to 
a  ring.     There  was  nuich  haze  in  the  air  and  cirro-stratus. 

Westphal's  comet,  seen  through  fog  on  the  0th  of 
October,  was  very  faint. 

Kritzinoer's  comet  was  very  diffused  and  no  nucleus 
was  seen,  but  the  existence  of  a  nucleus  of  about  the 
13th  magnitude  was  suspected. 

The  observations  of  Metcalf's  comet  on  the  28th  of 
September,  and  the  18th  and  22d  of  October,  and  the 
observation  of  Westphal's  comet  on  the  6th  of  October, 
were  made  with  the  ELiiABETH  Thompson  wire  microm- 
eter described  in  A.N.  4343  and  4432. 


Date 


Sutton  M.T. 


A  R.A. 


A  Decl. 


Cp. 


App.  R.A.       log  pJ        App.  Decl. 


I 

logp/l  I   Red.  1.  |Ad.  App.  i  ■}{( 


1018 

Sept.  24 
26 
28 
18 
22 
22 


Oct. 


Oct. 


9  40    2 

1  20  35 

8  15  28 

6  36  35 

6  18    8 

6  40  35 

8  12  32 
8  12  32 

8  40    0 
11    7  53 

9  19    0 


+ 


3  0.96 
5  56.71 

4  4.10 
0  1.08 
2    6.15 


+ 


+ 


3    6.36 

2  46.73 

3  22.02 
1  0.74 
0  26.23 


Comet    lOllW)  (Metcalf: 


+  2  11.1 

5,3 

-  4  35.0 

4,3 

-  7  23.8 

5,9 

-  5  30.9 

6,8 

7, 

-  0  49.2 

,4 

It     in       s 

4  13    1.49 

3    3  24.81 

1  44  34.8!) 

20  59  57.75 

20  53  18.43 


0.178 
0.112 
0.210 
8.823 
8.741 


-  4  14.6 

-  8  55.6 
-17  14.0 

-  1  37.0 
-I-  1  14.6 


6,6 
6,6 
3,3 
8,6 
16,8 


21  33  9.05 
21  33  9.19 
21  33  0.37 
21  29  52.46 
21  24  27.12 


8.734 

8.734 

7.932 

9.350« 

8.937n: 


Comet  1913  d  (Westphal) 


11  50.4 
11  51.5 
13    7.9 

9  18.2 


5  47  13.0 


O          '            It 

S 

» 

-h75  55  49.6 

0.331n 

+7.26 

+  1.4 

1 

+77  20  33.4 

0.283 

+  7.89 

+  7.1 

2 

+  77  22  42.3 

!).100/) 

+  7.20 

+  13.4 

3 

+26  23  31.9 

0.568« 

+2.30 
+2.44 

+  19.0 

4 
5 

+  17  25    8.5 

0.689n 

+  16.9 

5 

0.815/1 

+3.19 

+  15.7 

6 

0.81  5h 

+3.19 

+  15.7 

7 

0.814H 

+3.19 

+  15.7 

8 

0.813/1 

+3.15 

+  15.7 

9 

0.797/1 

+3.08 

+  15.8 

10 
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Date 

Sutton  M.T. 

A  K.  A. 

A  Deol.         <'p.           .\pp.  R.A.         log  pJ 

.\pp.  Decl.      1   log  pj 

Red.  1. 

Ad.App. 

* 

Comet  1914  a  (Kritzinger) 

1914 

h       til       s 

m      s 

'       ''                                h     m     s                                           o        1       If                                        s 

1 

Mayas 

12  22    5 

-  0  30.85 

+  1  21.9 

6,6 

19  37  53.00 

9.543 

+32  .53  55.4 

0.597/1 

+  1.84 

-16.3 

11 

'21 

11  47  10 

-   1  13.88 

+  4  48.1 

6,3 

19  51  52.84 

9.598 

+34  55  48.7 

0.618n 

+  1.80 

-15.7 

12 

25 

11  52  42 

-  3    9.33 

-  3  10.5 

8,8 

20  10  12.88 

9.608 

+37  19  10.1 

0..585n 

+  1.76 

-14.7 

13 

June  30 

11  43  47 

+   1  28.03 

-15    9.7 

4,4 

22  11  46.81 

9.644 

+44  45  33.9 

0.451/1 

+2.16 

-  3.6 

14 

Comet  1914  6  (Zlatixsky) 

May  25 

9  27  17 

-  4  21.25 

-  9  25.4  !  4  , 4  1    6  39  33.15  |  9.651n   +37  27  19.5  |  0.938«  |  +0.69 
Comet  1913/  (Del.wan) 

+  10.5  1  15 

Sept.  24 

7    8  14 

-    1  21.79 

-  8  29.4 

8,8 

11    9  18.49 

9.663« 

+47  48  12.3 

0.832n 

+  1.77 

- 13.0 

16 

25 

7    0  32 

-  8  .59..56 

+  17  .56.2 

4,4 

11  16  46.00 

9.674« 

+47  25  33.2 

0.821// 

+  1.74 

-13.1 

17 

27 

6  49    5 

-   1  11.76 

-    1  32.8 

5,5 

11  31  27.08 

9.681 « 

+46  35  24.7 

O.SlOn 

+  1.67 

-13.4 

18 

29 

7    7  31 

+  10  39.63 

+  0  11.6 

8,8 

11  45  .55.18 

9.655» 

+45  37  55.8 

0.832/1 

+  1.68 

-13.7 

19 

30 

6  44  39 

-  3  10.53 

+   1  12.8 

8,8 

11  52.50.35 

9.686« 

+45    7  31.2 

0.796/1 

+  1.57 

-13.8 

20 

Oct.     1 

6  50  39 

-  4  14.48 

+  12    6.0 

8,8 

11  59  47.01 

9.679/i 

+44  34  55.0 

0.870// 

+  1.53 

-13.9 

21 

8 

6  39  54 

-10  23.44 

-  5  14.9 

6,4 

12  44  34.47 

9.666n 

+40  13    0.8 

0.790n 

+  1.41 

-14.4 

22 

Mean 

Places  of 

Comparison-  Stars. 

*       R.  A.  1913.0 

Decl.  1913.0 

A.  G. 

Cat. 

* 

R.  A.  1914.0 

Decl.  1914.0 

A.  G. 

Cat. 

1 

h       m      s 

4    9  53.29 

+75  53  36.9 

Kasaii 

664 

11 

h      m      s 

19  38  22.01 

+32  52  49.8 

Leiden 

7578 

2 

3    9  13..57 

+77  25     1.8 

Kasaii 

473 

12 

19  53    4.93 

+.34  51   16.3 

Leiden 

7786 

3 

1  48  31.67 

+77  29  52.9 

Kasan 

283 

13 

20  13  20.45 

+37  22  35.3 

Lund 

9189 

4 

20  59  54.31 

+26  28  43.2 

Camb.,  E. 

12062 

14 

22  10  16.62 

+45     0  47.2 

Bomi 

16491 

5 

20  51    9.84 

+  17  25  40.8 

Berl.  A. 

8480 

15 

6  43  53.71 

+37  36  34.4 

Lund 

3534 

6 

21  29  59.51 

+  3  15  49.6 

Albany 

7544 

16 

11  10  38.51 

+47  56  54.7 

Bonn 

7947 

7 

21  35  52.72 

+  3  20  31.2 

Albany 

7571 

17 

11  25  43.87 

+47     7  50.0 

Bonn 

8075 

8 

21  36  25.19 

+  3  30     5.9 

Albany 

7576 

18 

11  32  37.17 

+46  .37  11.0 

Bonn 

8120 

9 

21  28  48.58 

+  4  10  38.8 

Albany 

7.535 

19 

11  35  13.87 

+45  37  57.9 

Bonn 

8147 

10 

21  24  50.27 

+  5  45  42.6 

Leipzig  II 

10765 

20 

11  55  .59.31 

+45     6  32.2 

Bonn 

8299 

21 

12    3  59.96 

+44  23     2.9 

Bonn 

8359 

22 

12  54  56.55 

+40  18  28.9 

Bonn 

8745 

POSITIONS    OF    HALLEY'S    COMET, 

Derived  from  photographs  taken  with  the  Astrogiaphic  telescope  of  the  Observatorio  Nacional  Argentino,  Cordoba. 


1910  Gr 

penwich  M 

.  T. 

1910.0 

log 

7/A 

a 

6 

a 

1           5 

Apr.   18 

21'>  49" 

3P.7 

23''  52" 

'31M6 

+  7°  47'  23".4 

9.672rz 

0.690/1 

19 

21   57 

33.9 

23   51 

55.91 

7   46    55  .3 

9.662/1 

0.694/1 

24 

21   27 

56.8 

23   50 

19.57 

7   49    10  .3 

9.669/1 

0.691/1 

25 

21   53 

26.3 

23   50 

22.31 

7   51    02   .1 

9.641//. 

0.702n 

25 

22  01 

25.0 

23   50 

21  .64 

7   51    02   .2 

9.632/1 

0.704/1 

30 

21    19 

48.8 

23   53 

07  .45 

8    10  41  .3 

9.658// 

0.698/1 

May    5 

20  36 

43.0 

0  02 

41  .69 

9   00   23  .5 

9.684ri 

0.687n 

0 

20   36 

20.2 

0   05 

58.91 

9    16   25  .1 

9.685n 

0.688//. 

/ 

20   39 

48.8 

0   09 

57  .12 

9   35   25   .2 

9.683// 

0.690// 

7 

21   55 

51.0 

0   10 

10.76 

9   36   31   .6 

9.605/1 

0.721m 

8 

21   26 

28.2 

0   14 

54  ..50 

9   58   00  .3 

9.644/1 

0.711n 
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IrtIA    f^ttf 

;_!.    -yx 

T. 

1910.0 

log 

p  A 

1910  Cjreuuwiuii  i\i 

a 

5 

a 

d 

May  11 

21'' OP 

32^5 

0"  36" 

' 33\47 

+  11°  35'  33' 

'.3 

9.678n 

0.700?i 

12 

21   02 

20.3 

0  47 

35.89 

12    22    11 

.3 

9.685m 

0.698/1 

13 

21    19 

13.3 

1   01 

48.37 

13    19  08 

.6 

9.681« 

0.705?i 

21 

11    10 

23.9 

6  33 

22.24 

16  43   30 

.5 

9.672 

0.726n 

22 

10   55 

25.1 

7   21 

52.08 

14  07   04 

.5 

9.590 

0.750/t 

23 

10   51 

05.3 

7   59 

20.39 

11   37   56 

.4 

9.512 

0.751« 

24 

11    19 

06.1 

8   28 

5.25 

9   29     9 

.1 

9.516 

0.736« 

25 

11   24 

04.1 

8  49 

27  .99 

7  46  22 

.7 

9.484 

0.727?i 

26 

12   02 

06.0 

9  06 

17.09 

6   22   02 

.8 

9.540 

0.71  In 

27 

10  35- 

22.3 

9   18 

28  .30 

5   19   24 

.7 

9.228 

0.71671 

28 

10  57 

05.1 

9   29 

06.43 

4   24  39 

.3 

9.300 

0.706?* 

29 

10  51 

47.4 

9  37 

38.12 

3   38  40 

.7 

9.254 

0.699« 

29 

12  40 

07.8 

9  38 

12.63 

3   35  35 

.5 

9.572 

0.688n 

30 

10  33 

32.2 

9  44 

41  .47 

3   01   05 

.3 

9.129 

0.693?j 

31 

10   25 

37.7 

9   50 

42.21 

2   28   54 

.6 

9.055 

0.688n 

June     1 

10  30 

26.8 

9   55 

53.95 

2  00   58 

.8 

9.083 

0.683« 

3 

10  40 

30.0 

10  04 

20.65 

1    15    17 

.8 

9.149 

0.674n 

4 

11    04 

09.1 

10  07 

52  .65 

0  56    10 

.9 

9.280 

0.670W 

5 

10  42 

41  .5 

10   10 

55  .88 

0  39   36 

.5 

9.171 

0.667« 

6 

11    11 

16.5 

10   13 

46.57 

0   24  09 

.7 

9.320 

0.664«. 

7 

11   20 

28.7 

10   16 

19.41 

+0   10   18 

.1 

9.362 

0.661n 

8 

10   59 

36.8 

10   18 

36  .20 

-0  02  07 

.4 

9.283 

0.659« 

9 

10  48 

45.0 

10   20 

42.87 

0   13   38 

.0 

9.239 

0.656« 

11 

11   45 

23.0 

10   24 

34.55 

0  34  53 

.3 

9.243 

0.652n 

12 

11    12 

13.3 

10   26 

14.57 

0  44   04 

.7 

9.367 

0.651m 

13 

11   40 

34.5 

10   27 

52.80 

0   53   06 

.5 

9.463 

0.650?; 

15 

11   05 

56.7 

10  30 

46.71 

1    09    16 

.5 

9.371 

0.646/( 

16 

10  44 

33  .4 

10   32 

07.17 

1    16  46 

.7 

9.296 

0.644?( 

17 

11   04 

16.5 

10  33 

25.89 

1   24    12 

.6 

9.383 

0.643?? 

18 

11    14 

11  .8 

10  34 

41  .10 

1   31   08 

.0 

9.424 

0.643?? 

20 

11   03 

00.6 

10  37 

00.87 

1    44   20 

.5 

9.406 

0.640?? 

23 

10  55 

01  .1 

10  40 

13.45 

2  02  49 

.8 

9.409 

0.636?? 

24 

10  50 

40.2 

10  41 

13  .91 

2  08   41 

.1 

9.404 

0.635?? 

26 

12  43 

53.6 

10  43 

14.71 

2   20  30 

2 

9.639 

0.644?? 

28 

10  56 

41  .6 

10  45 

02  .07 

2  31    06 

^8 

9.458 

0.632?? 

29 

11    10 

22.0 

10   45 

56  .77 

2  36   33 

.6 

9.500 

0.633/( 

30 

10  54 

29.9 

10   46 

49  .31 

2  41   50 

.2 

9.468 

0.630/? 

July      1 

11    30 

11  .1 

10   47 

43  .05 

2  47   15 

.5 

9.554 

0.634?? 

3 

11    22 

57.1 

10  49 

24.79 

2  57   37 

.6 

9.552 

0.632?? 

4 

11   07 

37.7 

10   50 

14.30 

3   02  43 

.8 

9.528 

0.630?? 

6 

11    13 

49.9 

10  51 

52  .89 

3    12  56 

.2 

9.553 

0.629?? 

8 

11    53 

27.3 

10  53 

30.40 

3   23    12 

.9 

9.624 

0.634?? 

10 

12  55 

24.1 

10  55 

06  .95 

3   33   29 

.7 

9.684 

0.646/1 

18 

11   04 

16.4. 

11    01 

07.83 

4    13   04 

.6 

9.600 

0.624?) 

19 

11   43 

22.4 

11   01 

53.15 

4    18   12 

.6 

9.651 

0.633// 

25 

11   47 

14.6 

11   05 

30  .96 

4   43    18 

.2 

9.672 

0.636?i 

26 

11   46 

28.1 

11   06 

57.75 

4   53   26 

.3 

9.673 

0.636?( 

27 

11   59 

26.2 

11   07 

41  .06 

-4   58  33 

.2 

9.683 

0.639?? 

NOTES 

The  negatives  were  secured  by  Messrs.  Winter  and  Svmonds 
Mr.  Symonds  and  the  reductions  by  Dr.  Glancy. 

Each  position  is  the  mean  of  two  or  throe  images  of  comet  and  stars  on  tlu 
The  comparison  stars  average  about  four  per  plate. 


The  measurements  of  the  plates  were  made  by 

mil'  plate. 


Cordoba,  November  30,  W14- 
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OBSERVATIONS    OF    COMETS, 

MADE    WITH   THE    26-INCH   EQUATORIAL   OF   THE    U.S.    NAVAL   OBSERVATORY, 

[Communicated  by  Captain  J.  A.  Hoogewerfp,  U.S.  Navy,  Superintendent.] 


Date  Wash.  M.T. 

* 

Comp. 

1 

Ja 

JS 

Apn.  a 

Ann.  a 

lo;  p 

Red.  to  App.  Pi. 

a            d 

Comet  1913  /  (Delavan) 

1914 

Mar.    3 
14 
20 
24 

li       in       s 

8  34  57 
7  46  20 
7  27     9 
7  29  43 

1 
2 
3 

4 

25  ,  5 
30,6 
30,6 
30,6 

II 

-3 

+  1 
-1 

+  2 

25.30 

48.90 

1.58 

18.60 

'         «                  h        Til        s 

+  3  46.3      2  43  17.41 
+  1  38.1      2  48    9.96 
+  0    0.3      2  51  28.73 
+   1  46.5  '     2  53  56.13 

o        /         // 

+  4     9     1.5 
+  6  11  '  1.6 
+  7  18  31.3 
+  8     4     4.2 

9.631 
9.624 
9.626 
9.639 

0.725 
0.714 
0.708 
0.710 

+0.18+  3.5* 
+0.04+  4.1* 
+0.03+  4.5* 
-0.02+  4.7* 

Comet  1914  a  (Kritzinger) 

Mar.  30 
Apr.     3 
17 
21 
May  17 
June  29 

14  47     8 

14  46  45 

15  19  27 
12  50  29 
12  53  11 
12  40  41 

5 
6 

7 

8 

9 

10 

30,6 
30,6 
30,6 
30,6 
30,6 
30,6 

+  1 
-1 

+  1 
-1 
-1 
—  2 

9.02 
39.43 
36.20 
10.42 
25.62 
15.17 

-  1  11.8 
+  3    8.4 

-  7  58.9 

-  3  12.8 

-  0  52.3 
+  7  27.8 

16  15  22.88 

16  28    6.89 

17  18  48.11 
17  34  39.13 
19  34  16.48 
22  10  14.26 

-  8  53     7.8 

-  6  36     8.3 
+  47  16.4 
+  7  47  20.0 
+32  20  52.6 
+44  47     0.0 

9.055n 
9.033ri 
8.529« 
9.486W 
9.584W 
9.658n 

0.810 
0.794 
0.698 
0.677 
0.314 
9.685 

+  1.79-16.8t 
+  1.85-17.2t 
+  1.97-18.6t 
+  1.95-18.8t 
+  1.82-  8.7t 
+  2.12-  3.8t 

Comet  1914  h  (Zlatinsky) 

May  21 
23 
26 
31 

June    2 

9     2  40 
8  49    3 
8  54  59 

8  53  16 

9  6  29 

11 
12 
13 
14 
15 

25  ,  5 
19,4 
30,6 
30,6 
25,5 

-4     8.20 
+  1     4.22 
+  1   17.32 
-0  54.05 
+  1  45.30 

-  6  52.8 
+  2  54.9 
+  2  36.3 

-  3  45.0 
+  1    0.3 

5  19  22.95 

6  4  21.61 

6  59  22.47 

7  .58  19.98 

8  13  59.95 

+46  23  34.1 
+42  13  17.8 
+34    3  .58.8 
+20  16  45.7 
+  15  36     1.0 

9.780 
9.781 
9.741 
9.684 
9.674 

0.768 
0.702 
0.675 
0.685 
0.707 

+  0.17+11.7* 
+  0.45+11.4* 
+  0.75+  9.5* 
+  0.94+  4.7* 
+  0.93+  3.0* 

Observers:   *  H.  E.  Burton,    f  C.  B.  W.\tts. 


Mean  Places  of  Comparison- Stars  fo 

•  1914.0. 

* 

a 

8 

Authority 

*               a 

0                                 Aiitlibrity 

1 

h       m       8 

2  46  42.53 

+4    5  11.7 

A.G.  Albany       •      792 

9 

h       m       s 

19  35  40.28 

+32  2l'53"6 

A.G.  Leiden 

7531 

2 

2  46  21.02 

+6    9  19.4 

A.G.  Leipzig  II       1050 

10 

22  12  27.31 

+44  39  36.0 

A.G.  Bonn 

16527 

3 

2  52  30.28 

+7  18  26.5 

A.G.  Leipzig  II       1101 

11 

5  23  30.98 

+46  30  15.2 

A.G.  Bonn 

4473 

4 

2  51  37.55 

+8    2  13.0 

A.G.  Leipzig  II       1092 

12 

6    5  25.38 

+42  10  11.5 

A.G.  Bonn 

5062 

5 

16  14  12.07 

-8  51   39.2     A.G.  Wien-Ottakring    .5660 

13 

6  58    4.40 

+34     1  13.0 

A.G.  Leiden 

2944 

6 

16  29  44.47 

-6  38  59.5 

A.G.  Wion-Ottakring    .57.33 

14 

7  59  13.09 

+20  20  26.0 

A.G.  Berlin  B. 

3240 

7 

17  17    9.94 

+4  15  33.9 

A.G.  Albany           5744 

15 

8  12  13.72 

+  15  34  57.7 

A.G.  Berlin  A. 

3264 

8 

17  35  47.60 

+7  50  51.6 

A.G.  Leipzig  II       7972 

Mar.    3. 
Ma,r.  14. 
Mar.  20. 
Seeing  poor. 
Mar.  24. 


NOTES 
1913/ 
Comet  faint.     Could  not  see  it  in  5-inch  finder.     Moonlight.     Seeing  poor. 
Comet  very  faint  at  times.     Thin  clouds  and  haze.     Seeing  poor. 
Comet  barely  visible  in  2-inch  finder.     Fairly  bright  in  26-inch  telescope 


Windy. 
Comet  visible  in  5-inch  finder. 


light  at  begmning.     Seeing  fair. 

Mar.  30.     Comet  invisible  in  5-inch  finder. 
Apr.     3.     Faint  nucleus.     Seeing  fair. 
Apr.  17.     Seeing  fair. 


Perhaps  barely  visible  in  2-inch  finder. 


Perhaps  trace  of  tail. 
Fairly  bright  nucleus.     Twi- 


1914  a 
Fain  t  nucleus .    Apparently  a  short  tail  preceding. 


Probably  some  haze. 
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Apr.  2L 
May  17. 
June  29. 


Sliffhtlv  hazv. 


Comet  visible  in  5-inch  finder.     Faint  nucleus  and  nebulosity 

Faint  nucleus  and  nebulosity.     Seeing  good. 

Comet  faint  at  times.     Faint  imcleus  and  nebulosity. 

1914  b 

May  20.     Comet  picked  up  with  field  glasses,  and  rough  position  obtained   with  the  26-inch 
neither  tail  nor  nucleus. 

May  21.     Comet  visible  in  2-inch  finder. 

May  23.     Comet  visible  in  2-inch  finder. 
on  account  of  clouds.     Seeing  fair. 

May  26.     Comet  visible  in  2-inch  fimler.     Faint  nucleus  surrounded  by  nebulosity.     Seeing  good. 

May  31.     Comet  visible  in  5-inch  finder.     Appearance  same  as  on  May  26.     Moonlight.     Seeing  good. 

June    2.     Comet  \asible  in  5-inch  finder.     Moonlight  and  haze.     Seeing  fair. 


Apparently 


Faint  nucleus  and  nebulosity.     Apparently  no  tail. 

Appearance  same  as  on  May  21.     Comet  and  star  very  faint  at  times 


TRANSIT    OF    MERCURY, 


OBSERVED    AT   THE    OBSERVATORK)    NACIOXAL 

Observations  of  the  Contacts  by  C.  D.  Perrine. 

Ingress,  external  contact  21''57'"36^  Greenwich  M.T. 
internal  contact  21  59   16   Greenwich  ]\I.T. 

Egress,   internal  contact  2''7"33''  Greenwich  :MT. 
external  contact  2  9  36  Greenwich  MT.. 

The  observations  were  made  with  the  12-inch  equatori- 
al, the  aperture  being  reduced  to  2}  o  inches. 

Ingress.  The  contacts  at  ingress  were  observed  by  pro- 
jection on  a  screen.  The  images  were  very  unsteady. 
The  external  contact  is  certainly  10''  late  and  may  be  as 
much  as  20"  estimated  from  the  diameter  of  the  planet. 
The  internal  contact  is  thought  to  be  subject  to  an  uncer- 
tainty of  not  more  than  ±5*. 

Egress.  At  egress  the  contacts  were  observed  directly 
with  a  power  of  about  125,  with  a  colored  glass  over  the 
eye-piece. 

The  image  of  the  planet  was  generally  round  and  sharp. 
The  limb  of  the  Sun  was  also  well  defined  and  sufficiently 
regular  to  permit  of  good  observation.  It  is  believed 
that  the  uncertainty  of  the  times  at  egress  are  in  error 
by  little  more  than  ±2". 

The  internal  contacts  are  geometrical,  the  "black- 
drop"  effect  being  scarcely  noticeable.  * 

No  halo  was  detected,  and  no  trace  of  the  planet  was 
seen  when  off  the  solar  disc. 


ARCJENTINO,    CORDOBA,    U)14    NOVEMBER    6-7. 

Following  is  a  comparison  with  the  times  as  computed 
from  the  American  Ephemeris  in  the  sense  observed 
minus  ephemeris. 

Contact 


I 

+29= 

11 

-  4 

[II 

-10 

[V 

-19 

Obserrdtions  of  the  Contacts  by  M.  L.  Zimnicr. 
Egress,  internal  contact  2''  7"'  19'  Greenwich  M.T. 
external  contact  2^  9"'    5^  Greenwich  M.T. 
By  comet  seeker  on  roof  of  optical  shop. 
Black    drop    distinctly    seen    at    3d    contact.     Wind 
shaking  telescope  somewhat.     Images  good. 

Observations  of  the  Contacts  by  A.  E.  Glancy. 
Egress,  internal  contact  2"^  06"  59''  Greenwich  M.T. 
external  contact  2''  09""    8=  Greenwich  M.T. 

Geometrical    contacts.     The   observations  were   made 
with  the  r2-inch  finder. 

Observations  of  the  Contacts  by  E.  Chaudct. 
Egress,  internal  contact  9^  SO"  37"  Cordoba  M.T. 
external  contact      52»20»  Cordoba  M.T. 

The  observations  were  made  with  the  5-inch  equatorial. 

Conluba,  November  .iO,  1914. 
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OBSEEVATIONS   OF   THE   SATELLITES   OF    SATURN^, 

By  E.  E.  BARNARD. 

Besides  the  following  measures  of  the  nearer  satellites  of  Saturn,  three  nights'  measures  of  Phoebe,  the  ninth 
satellite,  were  obtained.  They  were  printed  in  .4..V.  4740.  The  present  measures  are  a  continuation  of  those  pub- 
lished in  A.J.  649-50,  and  previous  numbers.  They  are  in  Central  Standard  Time  (6'' 0'"  slow  of  Greenwich  Mean 
Time)  and  are  not  corrected  for  refraction. 


1913-14 
Oct.     25 


Oct.     14 

Nov.    11 

16 

22 

Dec.    21 


C.  S.  Timr 

13'>33"'42- 
13  40  10 
13  45  13 


15  24  7 

15  28  49 

II  23  29 

11  28  23 
13  4  45 
13    8  0 

12  34  12 

12  37  59 

13  37  20 
13  42  43 


P.  A. 
344°.66 

343  .03 


272  .49 

275  .26 

57  .96 

320  .90 

31  .96 


Teihys  and  Mimas. 

Dist.  Cmps.      P. A.  of  Wire.s 

5  

19".70               8              74°.9 
2  

Tethys  and  Enceladus 


65  .76 

60  .82 
44  .6 
8 '.47 

31   .46 


i) 
5 
5 
8 
5 
1 
5 
8 

5 

8 


2  .5 

5  .1 

147  .4 

50  .5 


Remiirks 
Seeing  bad. 

Stopped  by  clouds. 


Stopped  by  clouds. 
Faint  in  thick  sky  and  bad 
seeing. 

Stopped  by  clouds. 
?  if  Enceladus. 

Faint  in  clouds.     Seen  onh*  by 
glimpses. 


122  .0 


Dec.    16 


9  25  40 
9  30  50 


278  .09 


Dione  and  Mimas 

5 

34  .49      8 


7  .8 


Mimas  very  faint. 


Sept.  27 

Oct.  30 

Nov.  15 

23 


Dec. 


7 

13 
14 


13  43  47 

13  48  0 

13  21  35 

13  26  54 

12  55  15 

12  59  41 

12  48  8 

12  52  54 

11  41  18 

11  46  22 

11  27  34 

11  31  48 

10  21  11 

10  25  40 


331  .79 
318  .14 
10  .62 
21  .92 
359  .81 
296  .43 
201  .15 


Dione  and  Enceladus. 


,10  .72 

13  .70 

16  .87 

34  .43 

7  .39 

18  .93 

40  .83 


0 

8 
5 
8 
5 
6 
5 
8 
5 
8 
5 
8 
5 
9 


63  .1 

47  .5 

100  .6 

111  .3 

90  .2 

26  .4 

110  .7 


Seeing  very  bad. 

Seeing  very  bad. 

Seeing  very  bad. 

Faint  and  difficult. 
Seeing  very  bad. 

Seeing  excessively  bad. 
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1913-14 
Dec.  16 

Jan.  24 


Aug.  26 

Oct.  14 
26 
30 

Nov.  15 
22 

Dec.  7 
14 
20 
21 

Feb.   8 

Dec.  14 

Oct.  11 

Nov.  16 
Feb.   8 

Sept.  2 

9 

27 

Oct.  11 

Nov.  1 
11 
23 

Dec.  7 
13 


o 


C.  S.  Time 

9  40  42 
10  41  43 
10  47  25 


16  11  15 

16  16  15 

15  13  47 
15  18 

13  54  20 

13  59  8 

13  45  .39 

13  51  14 

13  14  17 

13  19  21 

11  56  49 

12  1  8 
11  11  .30 
11  16  10 
10  30  26 
10  34  8 

13  27  8 
13  31 
13  48 
13  .52  46 

9  .57  15 

10  3  30 


18 
16 


10  8  .59 
10  14  58 


13  .57  25 

14  2  .55 
13  38  21 

9  36  36 

9  41  16 


15  49  55 

15  .54  .58 

15  42  47 

15  47  52 


15 

0 


13  .52 
13  ,57 
13  43  21 
13  .50  5 
13  23  13 
13  26  28 
11  4  41 

11  9     0 

12  26  23 
12  31  .38 
11  0  10 
11  5  29 
10  20  8 
10  24     1 


Dione  and  Enceladus.     (Continued.) 
p.  A.  Dist.  Cmps.      P. A.  of  Wires 

289°.19  5 

32".12  8 

217  .70  5 

48  .55  8 


239  .28 
281  .82 
111  .28 
276  .61 

64  .22 
203  .22 
293  .80 
232  .72 
107  .61 
353  .03 

64  .67 

2.56  .46 
315  .71 


280 
111 

.12 
.46 

144 

.22 

284 

.77 

30 

.18 

281 

.74 

92 

.76 

60 

.48 

87 

.44 

107 

.20 

Dione  and  Tethys. 

5 

8".25  8 


19  .12 

10  .68 

90  .64 

74  .33 

55  ..50 

27  .98 

12  .86 

18  .13 

.32  .92 

60  .01 


o 

8 
5 
8 
5 
9 


18° 

.8 

127  .0 

149  .4 

11 

.5 

21 

.1 

6 

.5 

154 

.2 

113 

.2 

23 

.2 

142 

.7 

17 

.8 

83 

.0 

Rhea  and  Mimas. 

5 

60  .76  9 

Khea  and  Enceladus. 

5 

39   .36  9 

5 

5 


40  .61 


Rhea  and  Tethys. 
....  5 


297  .49 


61  .33 

77  .88 

52  .38 
112  .69 

44  .36 

44  .63 

80  .23 

53  .84 
27  .85 


o 
8 
5 
8 
5 
3 
5 
8 
5 
8 
5 
8 
5 
5 


154  .6 

166  .7 

46  .0 
21  .6 

54  .1 

14  .5 

120  .1 

11  .8 

2  .9 

1.50  .4 

177  .3 

i7  .2 

27  .4 


Remarks 


Seeing  very  bad. 
Very  difficult. 


Seeing  excessively  had 
Seeing  very  bad. 

Seeing  very  bad. 

Clouds. 

Seeing  very  bad. 

Seeing  bad. 

Seeing  very  bad. 

Mimas  very  faint. 


"S'ery  difficult  from  bad  seeing 

and  clouds. 
Clouds. 


Seeing  very  bad. 


Seeing  excessively  had. 


Stopped  by  clouds. 
Seeing  excessively  IkkI. 

Excessively  bad  seeing. 

Seeing  excessively  bad.     \\'iiKl 
shaking  telescope. 
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1913- 

-1914 

CS.  Time 

Dec. 

16 

9H5'"24^ 
9  50  15 

21 

13  58  21 

14  4  21 

30 

9  33  23 
9  49  53 
9  56  33 

Jan. 

17 

10  49  38 
10  56  58 

24 

10  18  20 
10  24  22 

Feb. 

7 

9  42  54 
9  48  32 

P.  A. 
76°.95 


67 

.19 

91 
90 

.2 

.38 

54 

.90 

220 

.69 

244 

.51 

Rhea  and  Tethys.     {Continued.) 

Dist.  Cmp.s.      P. .4.  of  Wiro.< 

5 

8 
5 


59" 

'.43 

17 

.42 

87 

.00 

66 

.40 

27 

.66 

166° 

.8 

1.57 

.0 

0 

.4 

145 

.0 

130 

.0 

73  .11 


154  .6 


Remarks 


Stopped  bj'  clouds. 
Faint  in  clouds. 

Faint  in  clouds. 


Seeing  very  bad. 


Sept.     9 

Oct.     11 

14 

25 

26 

30 

Nov.      1 

11 

15 

22 

23 

Dec.    13 

20 

30 

Jan.     24 

Feb.       1 

3 

7 


3  21 
8  30 


1 


15  32  34 

15  38  3 

14    9  15 

14  14  5 

15 

15 

14  14  47 

14  21  18 

13  40  14 

13  45  21 

13  58 

14  3  50 
12  35  31 
12  40  34 
11  14  2 

11  18  26 

12  33  37 
12  39  16 
11  47  19 

11  52  2 

12  36  39 

12  42  4 
11  19  15 
11  23  26 

13  17  18 
13  22  0 

9    0  36 

9    6  34 

10  29  55 

10  35  15 

10    3  20 

10    7  38 

7  59  50 

8  5  .54 
10  9  38 
10  14  52 

9  45  55 
9  51  6 


328  .23 

.321  .63 

78  .20 

289  .58 

251  .16 
215  .37 
101  .51 

21  .47 

85  .00 
258  .75 
148  .92 

37  .80 
171   .41 

73  .97 
269  .06 
324  .75 
125  .99 

252  .41 
120  .41 


F{hea  and  Dione. 
5 


66  .69 
16  .00 

142  ^69 

29  .27 

81  .36 

53  .06 

32  .39 

73  .24 

42  .81 

43  .08 
.50  .17 
29  .16 
27  .43 

139  .94 

67  .63 
59  .35 
88  .58 
64  .10 
77  .04 


5 
8 
5 
8 
5 
8 
5 
8 
5 
8 
5 
8 
5 
8 
5 
8 
5 
10 
5 
8 
5 
8 
5 
8 
5 
8 
5 
7 
5 
8 
5 


58  .2 

52  .0 

168  .0 

19  .4 

161  .1 
125  .5' 

11  .4 
111  .4 
174  .9 
168  .5 

.58  .3 
127  .4 

81  .4 
163  .8 
179  .0 

54  .4 
216  .2 

162  .6 
30  .6 


Seeing  very  bad. 
Through  clouds. 

Through  clouds. 
Seeing  excessively  bad. 
Seeing  bad. 
Very  faint  in  clouds. 
Seeing  bad. 
Seeing  fair. 
Faint  in  clouds. 
Seeing  bad. 

Seeing  excessively  i)ad. 

Faint  in  clouds. 

Seeing  very  bad. 

Yery  faint  and  difficult  from 

haze  and  bad  seeing. 
Seeing  very  bad. 

Seeing  very  bad. 


Nov.    15 


13  25  38 
13  30  44 


Titan  and  Tethys. 

239  .90  5  

12  Li  .59  8  149  .6 


Seeing  fair. 
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1913-1914 
Sept.  25 

Dec.  16 

30 

Feb.   7 

Sept.  9 

Oct.  11 
30 

Nov.  11 
23 

Dec.  7 
13 
14 
20 
21 

Feb.   8 

Nov.  23 

Nov.  23 
Dec.  14 

Oct.  30 

Nov.  1.5 


C.  S.  Time 

14'U8'"53' 
14  22  19 
9  58  59 
10  4  56 
10  16  29 
10  22  34 
10  21  31 
10  26  54 


15  54  16 
15  59  28 
14  19  1 
14  24  34 
14  8  49 
14  14  23 
11  35  8 

11  40  25 

12  58  8 

13  4 
11  31 
11  35  43 
11  .36  32 
11  40  50 
10  39  19 
10  43  42 
13  35  37 

13  40  4 

14  10  15 
14  15  48 
10  19  1 
10  24  31 


31 
3 


13  39  14 
13  44  57 


13  16  27 

13  21  38 

10  50  50 

10  56  4 


14  20  24 
14  24  .34 


12  44  46 
12  49  56 


P.  A. 
293°.53 

253  .88 

287  .09' 

102  .97 

270  .77 
276  .57 
246  .14 
278  .79 
36  .51 
83  .50 
281  .84 
290  .66 
162  .42 
131  .79 

89  .35 

265  .40 

153  .19 

90  .61 

208  .12 
317  .70 


Dist. 

127".26 
140  .28 
155  .02 
111  .51 


Titan  and  Dione 

Cmps, 
5 


4 
5 


P.  A.  of  Wires 

23°.l 
163  .8 

ia  .8 

12  .6 


Titan  and  Rhea. 

.  . .  .  5 


130  .10 

110  .73 

96  .02 

148  .71 

117  .55 
115  .80 
115  .00 
113  .94 

56  .22 

118  .17 
107  .37 


o 

8 
5 
8 
5 
8 
5 
8 
5 
8 
5 
8 
5 
8 
5 
8 
5 
8 
5 
8 


0  .51 

6  .5 

156  .0 

8  .4 

126  .3 

173  .2 

11  .4 

20  .7 

71  .8 

42  .0 

179  .4 


Titan   AND  Hyperion   (?). 

5      

122  .84      9     175  .3 

Titan  and  lapetiis  (?). 

5  

1 1 1   .57  8  63  .3 

5  

191   .67  8  0  .7 

Tethys  and  a  Star  (?). 

5  

47  .21  8  117  .5 


Dione  .\nd  a  Star  (?). 

5  

27   .43  8  47  .6 


Remarks 

Seeing  very  bad. 
Stopped  by  clouds. 
Seeing  very  bad. 

Very  faint  in  thick  haze  and 

bad  seeing. 
Seeing  very  bad. 


Seeing  very  bad. 

Seeing  poor. 

Seeing  bad. 

Seeing  very  bad. 

Faint  in  haze. 

Seeing  excessively  bad. 

•  Seeing  excessively  bad. 

Seeing  excessively  bad. 

A   121/2  naag.  star  n.  p.   Titan. 


Seeing  very  bad. 
Seeing  very  poor. 
Images  breaking. 
Temperature  —  12°. 5  (F). 


Seeing  very  bad. 


Very  bad  seeing. 


Star  =  iVAmag. 


Star  =  13  mag. 
Seeing  excessively  bad. 


1913-14 

Aug.    26 

Sept.     2 

9 


Estimated  Magnitudes  of  the  Satellites. 

Mimas  Enceladus  Telkijs  Dion-,  Rh-i 

13  12  12  10 

13  12  12  12 

12H  13  12 


R">mirks 
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Estimated  Magnitudes  of  the  Satellites. 


Oct. 


Nov. 


1913-14 

25 

27 
11 
14 
25 
26 
30 

1 
11 
15 
16 
22 
23 

7 

13 
14 
16 
20 
21 
30 
17 
24 

3 

7 


Dec. 


Jan. 


Feb. 


M  imas 


14 


14-15 
15 


Encdndwi 

u 

13 
14 


13 

14 

13 

13 

14 

14? 

13 

13 

13 

13^ 

13 

133^ 

14 
13 


13 


Telhys 

13 

12.2 

12 

12.2 

12H 

12H 

12^ 

12H 

12H 

12 

12.1 

12.8 

I2y2 

12H 

12H 

12.2 

12.3 

12H 

13 

13 

121^ 

13 

13 

12 


ATELLITES. 

(Continued.) 

Diom: 

Rhea 

Remarks 

13 

12 

13 

12 

12.1 

12 

12.0 

1132 

12 

12 

12H 

12 

12 

113^ 

12H 

12 

12H 

12 

12.2 

11 

12.3 

12 

12.7 

11.8 

12H 

11.9 

\  lapelus  10'" 

12H 

12 

i  Hyperion  14.5 

123^ 

12 

12 

11.5 

]  Titan  orange 

12 

11.9 

]  lapefm  13"' 

123^ 

12 
IIH 

12.2 

12 

13 

12 

12M 

12 

121/2 

12 

13 

12 

12.2 

11.8 

Yerkes  Obserratory,  WiUiaiiia  Bay,  Wiscoimiit,  1914,  July  13. 


OBSERVED    MAXIMA    AND    MINIMA    OF    VARIABLE    STARS, 

By  PAUL  S.  YENDELL. 


103  T  Androniedce. 

From  1902  July  30  to  Sept.  23,  I  ob.served  this  star  ten 
times.  These  observations  indicate  a  maximum  of  7". 3 
on  1902,  Aug.  22.  The  star  was  8". 7  on  the  flrst  date 
and  7". 8  when  last  seen.  During  the  present  year  it  has 
been  looked  for  on  fourteen  evenings,  from  Aug.  23  to 
Nov.  21,  inclusive,  but  not  seen.  On  the  last  occasion, 
the  limit  of  vision  was  estimated  at  1 1"  ± . 

906  R  Trianguli. 

From  1913,  Sept.  5  to  1914,  Feb.  2,  I  made  twenty- 
seven  observations  of  R  Trianguli.  The  star  was  first 
certainly  seen  on  1913,  Oct.  5,  when  it  was  ll".5=t  by 
eye-estimation.  It  increased  steadily  to  a  maximum  of 
7".4,  which  is  indicated  by  the  ob-servations  on  1913, 
Dec.  14.  When  last  observed,  it  had  decreased  to  8". 7. 
During  the  year  1914,  I  observed  the  star  from  Aug.  22 
to  Nov.  12,  thirteen  times.  At  the  first  observation  it 
was  already  at  or  past  the  maximum,  and  its  light  was 
estimated  at  7".0;  no  maximum  is  indicated  by  these 
observations,  but  a  slow  decrease  to  8". 7. 


3493  R  Leonis. 

Eighteen  observations  of  R  Leonis,  from  1912,  Feb.  20 
to  June  8,  show  a  maximum  of  about  6". 2  on  April  23. 
Its  Ijrightness  at  the  first  observation  was  8". 7,  and  at 
the  last,  7". 8. 

4511  7"  Ursm  Majoris. 

Fifteen  observations  of  this  star,  from  1913.  July  3  to 
Aug.  24,  show  a  maximum  of  7". 7  on  July  27;  when  first 
seen,  the  star's  brightness  was  8". 9,  and  at  the  last 
observation,  8".0. 

5601  S  Ursce  Minoris. 
Observations  of  S  Ursw  Minoris  were  secured  on  sev- 
enteen occasions,  from  1913,  July  6,  when  it  was  estima- 
ted at  10".4,  to  Nov.  2,  the  last  observed  brightness 
being  O".?.  A  maximum  of  8".5  is  indicated  on  Sept.  21, 
by  these  observations. 

6005  R  Draconis. 
Forty   observations,   from    1913,   May   25   to   Nov.   5. 
The  star  was  first  seen  at  10th  magnitude  on  the  evening 
of  June  2,  from  which  time  it  increased  rapidly  in  bright- 
ness until  July  15,  when  it  had  risen  to  7". 6,  at  which 
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brightness  it  passed  a  maximum  on  July  24,  then  de- 
creasing slowl}'  until  on  Sept.  23  it  had  fallen  to  8^.7.  On 
Nov.  5  it  had  disappeared,  the  limit  of  vision  at  the  time 
being  estimated  as  below  10". 

6624  T  Serpentis. 
T  Serpentis  was  looked  for  during  the  autumn  of  1913, 
from  Sept.  23  to  Oct.  21,  on  eight  evenings.  It  was  seen 
only  on  the  evenings  of  Sept.  28,  29  and  30,  and  Oct.  5. 
On  all  these  occasions  its  brightness  was  estimated  at 
about  the  10th  magnitude.  During  the  current  year  the 
star  has  been  watched  for  from  July  19  until  Oct.  23,  on 
nine  evenings  in  all,  but  not  seen,  the  limit  of  visibility 
being  estimated  at  from  10". 5  to  12". 

7085  Rt  Cygni. 

Fifteen  observations  of  Rt  Cygni,  made  in  the  year 

1913,  from  July  1  to  Nov.  2,  show  a  minimum  on  July 

20,  of  10".7,  and  a  maximum  of  7".4  on  Sept.  27.     At  the 

last  observation,  the  star's  brightness  was  estimated  at 

9".0. 

T.i  Cygni. 

Seven   observations   of   this   star,    on    1914,    Sept.    19, 
indicate  a  maximum  at  8''  0'",  Local  ALT. 

7792  SS  Cygni. 
From  1914,  June  12,  as  close  a  watch  as  possible  has 
been  kept  on  SS  Cygni,  no  evening  on  which  it  was  prac- 
ticable for  me  to  observe  having  been  missed  up  to  the 
time  of  writing;  there  has  been  much  cloudy  weather  and 
interference  by  moonlight,  but  the  observations  number 
in  all  forty-five. 

They  are  given  below: 

1914  June    12.427  normal 

16.417  not  seen  <  10" 
17.417  not  seen  <\V' 
20.345  not  seen  <11".5 
22.424  normal 
25.434  not  seen  <11" 


1914     Juh 


Aug. 


Oct. 


3.414 

8". 47 

4.382 

8". 30 

18.417 

seen  — 

normal 

19.399  held  ^ 

normal 

21.382  held  — 

normal 

22.414 

10".40 

1.373  not  seen,  moon  bright 

22.372 

7".66 

23.3*5 

8". 25 

24.375 

8".25 

hazv 

25.257 

8". 25 

26.340 

8\44 

moon  5  d. 

Sept. 


30.330  10 ".41  moon  bright 

12.312  not  seen  <  10".9 
13.361  not  seen  <10".9 
14.351  not  seen  <10".9 
17.395  not  seen  <  10".9 
19.309  not  seen  <10».9 
20.367  not  seen  <10".9 
21.333  seen  —  normal 
22.339  seen  —  normal 
26.330  10". 35  moon  1  qr. 
27.333  10". 51  moon  bright 
.407    9".90  moon  bright 


1.312 
2.306 
3.299 
3.299 
5.306 
6.337 
7.302 


8". 32 
8  ".32 
8  ".32 
8". 40 
9".21 
10".41 
10".92 


moon  bright 
moon  bright 
moon  bright 
moon  bright 
moon  bright 
moon  bright 
moon  bright 


Nov. 


15.319  normal 
22.344  not  seen  <  10". 9 
12.330  not  seen  <  10".9 
14.315  11".3 
.433  11  ".5 
16.340  not  seen  <  10".9 
17.368  11  ".6 
21.267  normal 


Time  is  Boston  M.T.,  =  Creenwicli  :\r.T.  -4"  44"'.5. 


Dorchester,  Mass.,  I'.S.A.,  Iff  14  December  U. 


OBSERVATIONS    OF    THE    COMPANION    OF    SIBTUS, 

By  E.  K.  15.VRXA1U). 
These  measures  are  a  continuation  of  those  in  A.J.  648  and  earlier  numbers. 


Date 

I'.  A. 

Uisl. 

lU'iiiarks 

1914.123   Feb.    14 

79°.68 

10".21 

Faint.     Seeing  poor. 

.137             19 

79  .99 

10  .04 

Seeing  jxior. 

.151             24 

77  .84 

10  .53 

\'ery  difficult. 

.164    Mar.     1 

78  .69 

10  .40 

\'cr>-  (litlicult. 

.184              8 

79  .18 

10  .06 

well  seen,  hut  iiii;iKi-s 

10.  "25 

jllliil)itin  liiidly. 

1914.152 

79°.0S 

I'erA-cs  Ohsemalury,  i\'illi(ims  liny.  Wis.,  1014  Juty  /'J- 
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OBSERVATIONS    OF    THE    SATELLITE    OF    NEPTUIiE, 

By  E.  E.  BARNARD. 
The  following  observation.s  of  the  satellite  of  Neptune 
are  a  continuation  of  those  printed  in  A.J.  649-650,  and 
previous  numbers.  The  observations  are  in  Central 
Standard  Time  (6'>0"'  slow  Greenwich  Mean  Time). 
They  are  not  corrected  for  refraction. 


1913-14 
Oct.     26 

Nov.    11 

15 
22 


23 


Dec. 


C.  S.  Time        P.A. 

1i       in        8  ^ 

14  18  28 
14  24     2 


15  43  57 

15  51  35 

14  25  53 
14  31   12 

13  33  40 

13  42    6 

13  51  33 

13  59  28 

14  11  31 
14  16  17 


13     1  28 
13  11  58 


Dist.      Cjjs.  Remarks 


See'g     excess, 
bad. 

Seen  onlj- 

momentarily. 
See'g    excess. 

bad. 
Seeing  good. 


See'g    V.    bad. 

y.  flit,  and  dif. 

in  clouds. 
Excess,    bad 

seeing. 
Faint  in  clouds 

Faint    and 

blurred. 

See'g    excess. 

bad. 
Seen  with  dif. 
See'g    excess. 

bad. 


99.90 

6 

16.17 

8 

180.12 

5 

11.05 

8 

303.91 

5 

16.10 

8 

254.79 

5 

13.22 

9 

253.84 

6 

13.25 

8 

164.77 

6 

12.01 

8 

52.94 

5 

12.09 

9 

1913-14 
Dec.     16 


Jan.  24 
29 
31 
3 


Feb. 


24 


26 


C.  S.  Tinio 

h        m       s 

12     0     4 
12     5  11 


12  11  51 

12  21   12 

13  38     0 
13  45  42 

12  13  47 
12  19  58 

11   11  20 
11   16  28 

11     7  28 
11  13  36 

10  47  19 

10  52  52 

11  9     5 
11  13  42 


P.  A. 
218.43 


333.99 


42.80 


281.53 


102.27 


261.18 


121.54 
121.48 

299.76 


Mar.      1     10  59  22     299.76     ....        6    See'g    v.    bad. 

11     5  45     16.55       8       Planet  and 

sat.  badly 
blurred. 
10  16  56     247.62     ....         6     Fnt.frommoon 

10  23  12     12.89      8      light  and 

thick  sky. 
Seeing  fair 
Yerkes  Observatory,  Williams  Bay.  Wisconsin,  1914,  July  IS. 


Di.st. 


10.73 


13.90 

11.28 

16.40 

16.37 

14.32 

16.75 
16.48 


Cps 
5 


o 
10 


5 
10 


Rcmai'ks 

V.  fnt.     Only 
seen  for  mo- 
ments. See- 
ing exces.  bad 

See'g    V.    bad. 

Meas.  diffic. 

See'g  V.  bad. 
V.  high  wind. 

See'g  V.  bad. 
V.  high  wind. 

V.  diffic.     See- 
ing exces. 
bad. 

Fairly  well 
seen,  but  see- 
ing poor. 

V.  fnt.  in  very 
thick  sky. 

In  clearer  skv. 


OBSERVATIONS    OF    THE    SATELLITES    OF 

By  E.  E.  BARNARD. 
The  low  .southern   altitude  of   Uranua,    and  the   poor 
atmospheric  conditions,  prevented  any  measures  of  the  1913 

satellites  but  the  few  given  here.  The  two  inner  ones 
were  difficult  and  were  only  observed  on  one  night.  The 
observations  are  in  Central  Standard  Time  {6'^  0"'  slow  of 
Greenwich  Mean  Time)  They  are  not  corrected  for 
refraction.  These  are  a  continuation  of  the  measures 
printed  in  A. J.,  637,  and  previous  numbers. 


Uranus  and  Ariel. 


1913 


July     27 


Julv     27 


C.  S.Time      P.A. 


Dist.     Cps 


10  59     5 

11  6  56 


326.91 


16.67 


5 
10 


Remarks 

Very  faint. 
Seeing  poor. 


11  13  52 
11  20  21 


Uranus  .\nd   Umbriel. 
3.40 


14.15  1  10 


URANUS, 


Uranu.s  and  Tiiania. 


June 

10 

July 

1 

6 

8 

29 

Aug. 

26 

C.  S.  Time 

h       in       s 

14  54     3 

15  0  28 

12  43  20 
12  51  40 


13  34  59 
13  41  46 

13     2  30 
13  11  23 

12    5  50 
12  10  27 

9  35  15 
9  41     7 


P.A. 


358.80 


155.08 


354.77 

67.36 

209.67 

307.01 


Dist. 

II 

31.24 
29.43 
31.77 
21.01 
26..52 
23.96 


Cps. 
5 


6 
9 

6 
10 


5 
10 


Remarks 

Very  faint  in 
moonlight. 
The  disc  of 
the  planet  is 
elongated  in 
the  direction 
of  this  sat- 
ellite. 

Excess,  diffic. 
fr.  bad  see'g. 

Definition  gd. 
Satellite  faint. 

Faint  and  dif. 
Seeing  bad. 
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1913         C.  S.  Time 
June    10 


Uranus  and  Oberon. 

P.  A.         Di:?t.  Cp.s. 

li        in 


Juh 


1 

6 

8 

29 


15  6  42 
15  11  39 

159.14 



40.13 

5 
6 

12  58  54 

13  7  36 

353.03 

42.54 

5 
10 

13  16  46 
13  24  9 

137.39 



34.27 

6 
9 

13  20  14 
13  28  22 

177.85 

42.79 

6 
9 

11  55  14 

12  0  5 

11.14 

40.90 

5 

8 

9  47  15 
9  53  12 

32.85 

35.80 

6 
10 

Remarks 

Lo.st  in  dawn 
and  bad  see- 
ing. 


Seeing    excess, 
bad. 

Vei\\-  bad  see'g. 


Seeing  poor. 


1913 


Uranus  and  a  Star. 
C.S.  Time         PA.        Dist.  Cps 


Julv 


1  I  13  17  51  I  333.78 
13  23  38     


23.45 


I 
Remarks 
10  mag. 


Uranus  and  the  following  star  of  a  small  double. 
1913     July  6  183°.09    (2)  11.5".52    (2) 

These  give 

Aa  =  -0"'  0^44      A5  =  -1'  55".3  at  13'"  49"'  C'.S.T. 

The  following  position  of  the  star  results: 

1913.0a   20h35™51M  5  -19°  19'.7 

The  double  itself. 
1913.513     July  6     272°.08  (3)     4".34  (6)     IS-^.O-lS'^.e 

5VrAY'.s  Ohsi-rraluri/.  Williams  Bay.  WUcoiisiii.  1914,  J  "hi  '•''• 


MELLISH'S    COMET    (1915   a), 

On  the  Condensations  or  Secondary  Comets  of  May  1,2. 
By  E.  E.   BARNARD. 


On  May  12  Mr.  Silliv.w  and  I  examined  Mellish's 
comet  with  the  40-inch  telescope.  The  sky  was  misting 
over,  with  a  storm  approaching  from  tlie  west.  The 
comet  was  already  dim  to  the  eye  from  the  dense  haze. 

There  were  two  round  condensations  or  secondary 
comets  in  a  line  with  the  head  and  preceding  it.  Calling 
the  main  comet  A,  these  would  be  B  and  (' .  in  the  order 
of  distance.  B  was  very  faint  and  nearer  C.  C  was 
quite  bright  and  was  perhaps  \]/2  or  2  times  less  bright 
than  .1.  Except  for  l)riglitness  it  resembled  A  very 
much  and  was  a  little  smaller.  Th(>v  were  all  involveil  in 
the  nebulosity  of  ^4,  and  were  in  a  brighter  region,  per- 
haps the  axis  of  the  tail.  The  following  measures  were 
made.     Central  Standard  Time  (6''0""  slow  of  G.M.T.) 


Po.siTioN  Angle  .-IC 

1915  May  12''    13i'30'"28»     286°.ll 
13  39  13      284  .32 

Distance  .4r 
ini:.  Mav  12''     13''34'"39'^     26".53 


13  36  30 
13  41  29 


27  .84 

28  .62 


(5) 
(4) 


(4) 

(4) 
(3) 


Hastening  to  the  Bruce  01)servatory,  I  made  an  ex- 
posure of  ten  minutes  on  the  comet  with  the  6-inch  and 
10-inch  telescopes.  The  comet  was  disaiijiearing  in  the 
haze  when  the  exposure  began  and  was  comiiletely 
blotted  o\it  at  the  end  of  the  ten  minutes.  Th(>  sky 
remained  cloudy.  Tiie  jilates  show  .1  and  C .  but  witii 
insufficient  exposure  to  produce  a  good  picture. 

Ytrkes  Observatory,  Williams  Bay,  Wisconsin,  May  IS,  1915. 
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DOUBLE-STAK  MEASURES, 


MADE    WITH   THE    lOj-INCH    EQUATORIAL   OF   THE    UXIVERSITV 

By   F.   p.   LEAVENWORTH. 

The  reference  number  for  each  star  is  taken  from  Burnham's  General 
ascensions  and  declinations  are  for  1900. 


156  /3  777 

a  0''  16"  5  -  0°  48' 

1914.788    167°.6  4".24     8'".7    lO-^.S 

.791    165  .8  3  .94     8  .8    11  .0 

.805    167  .2  4  .27      8  .8    11  .0 


1914.795    166°.7     4".15 
Proljal^h"  fixed. 


8'".8    10'".8 


335  /3  395 

a  Qh  32™  5  -  25°  20' 

1914.788    107°.8  0".67      .... 

.791    109  .7  0  .81      6™.5 

.813    111  .7  0  .87      .  ..  . 


6™.8 


1914.797    109°.7     0".75     6'".5     6'".8 
Comparison  with  Aitkin's  epheme- 
ris,  Lick  Pub.,  Vol.  XII. 

0-C     -3°.7     0".0U 

479  U2-  20 

a  0''  49"  5  +  18°  38' 

1906.865    313°.0  0".43      G^.O      v^.O 

1914.813    302  .6  0  .55     6  .0     7  .0 

.958    304  .6  0  .46      6  .0      7   .0 


Comparison   with    Rabe's   epheme- 
ris,  A.N.  4735. 

0~C     -  3°.6     -  0".04 

612     (3  303 

a  Ih  4'"     5  +  23°  15' 

1914.920    285°.6     0".59     7"'.0     7'".2 
.925    287  .1      0  .68     7  .0     7  .6 


f)F    MINNESOTA, 

Catalogue  of  Double  Stars.  The  right 

4122  CaMor 

a  7'-  29"  5  +  32°  7' 

1913.329    220°.2  5".70  .  . 

.343    220  .1  5   .54  

.362    220  .9  5   .35  .... 


1914.886    303°.6  0".50     6".0     7"\0 

Motion  of  130°  in  70  years. 

482  2-  73 

a  Oh  50"  6  +  23°  6' 

1914.920   38°.3  0".86  6".5  6".6 

.925   38  .2  0  .82  6  .2  6  .4 

.928  39  .9  0  .64  6  .3  6  .2 

.958  38  .5  0  .70  


1914.933   38°.7   0".7()  6".3  6".4 


1914.922  286°.4  0".64   7".0 
No  change. 

1015  2'  186 

a   1»'  51"  5  +  1°  26' 

1907.944   32°.8  0".71   7".0 

1914.920   37°.  1  0".95   .... 

.925   38  .6  0  .82  7".l 

.928   39  .1  

.958   37  .4  0  .99   .... 


7™.4 


7".0 
7".0 


1914.933   38°.0  0".92   7".l   7".0 

1427  .2-305 

a  2"^  42"  8  +  18°  57' 

1914.920    314°.9  3".32     7".5     8".0 

.958    316  .7  3  .07     6  .5     7  .0 


1913.345    220°.4  5".53      .... 

A  and  C 

1913.343    164°.4  73".48    .... 

5388  7  Leonis 

a  lOh  14"  8  +  20°  44' 

1914.342    117°.7  3".97      .... 

.350    lis  .1  3   .98      2".5 

.389    118  .8  3   .90      2   .5 


4".0 


1914.360  118°.2  3".95   2".5  4".8 

5765  £  1536 

a  11''  19"  5  +  11°  ()' 

1914.350      42°.5  2".06     4".0  7".() 

.370      42  .7  1   .98      

.375      41  .6  2  .21      4  .0  7  .0 

.389      41  .0  2  .15      4  .0  7  .0 


1914.939    315°.8  3".20     7".0 

3701  2-984 

a  6''  50"  S  +  32°  35' 

1913.288    161°.2     4".88    

.291    162  .2      4  .98    

.294    161  .0     4  .99    


1913.291    ler.S     4".95 


1914.371      42°.0      2".  10      4".0      7".0 

5766     fi  26 

a  11'' 19"     5  -  9°  .52' 

1907.328      66°.2      2".90      8".0    10".5 
14.350      68  .5      2  .76      8  .0    10  .0 


1910.839      67°.4     2".83     8".0    10".2 
No  motion. 

(41) 


42 


THE    ASTRONOMICAL    JOURNAL 


N"-  678 


6243     7  Virginis 
a  12h  37"'     5  -  0°  54' 


1913.442 

325°.7 

6".02 

.444 

325  .4 

5  .93 

.447 

325  .1 

6  .00 

.452 

324  .9 

6  .06 

3'".5 
3  .5 


3'".5 
3  .5 


1913.446  325°.3  6".00  3"'.5  3'".5 


1914.397  326°.2  5".9S  3"".7 
.402  325  .5  6  .11  3  .6 
.408  325  .4  6  .10   .... 


3'".5 
3  .5 


1914.402  325°.7  6".06  3'".6  3'".5 

6312  O-r  256 

a  12^  51'"  5  -  0°  25' 

1914.350   79°.3  0".75  7'".2  7"'.0 

.370   81  .1  0  .71   7  .2  7  .0 

1914.360   80°.2  0".73  7"'.2  7'".0 

6367  B  929 

a  12''  59">  5  -  3°  7' 


6641  2'  1785 
a  13'-  45'"  8  +  27°  29' 


1912.447  330°.3 

.466  329  .3 

.469  329  .2 

.480  329  .6 


1".17      .... 

1   .24     7'".5 
1   .21      7   .5 


7'".8 
7  .8 


1912.465    329°.6      1".21      7'".5 
Near  minimum  distance. 


7'".8 


6780  ^  1819 

a  14''  10'"  5  +  3°  36' 

1913.442  347°.l   l."08   

.444  346  .7  1  .11   8"'.l   8'".0 

.447  346  .0  1  .19  8  .0  8  .1 

.452  347  .9  1  .15   8  .0   7  .9 


.4,  BandC 

1912.480  259°.4  100".19 

12.485  259  .1  

13.403  258  .6  99  .89 


10'".  5 
10  .5 


1913.446  346°.9  1".13  8"'.0  8'".0 

1914.370  344°.9  1".34  8"'.l  8"'.0 

.408  346  .8  1  .16  8  .4  8  .0 

.454  348  .6  1  .23  8  .0  8  .1 


1911.410  219°.4   0".63   6'".0 
.487  212  .5  0  .58  6  .0 


6'".7 
6  .5 


1911.448    216°.0     0".60     ()'".()     6"'.6 


1913.324  210°.3  0".70  6'".0 
14.350  212  .3  0  .67  6  .0 
14.370    212  .1      0  -.55     6  .3 


6"'.3 
6  .4 
6   .6 


1914.015    2ir.6      0".64      6'".1 
Slow  retrograde  motion. 

6406     -I- 1728 

a  13''  .S-"     5  +  18°  4' 

1914.350  188°.0  0"..57  5'".0 
.370  190  .4  0  .57  5  .0 


6'"  .4 


5'".2 
5  .3 


1914.411  346°.8   1".24  8"'.2  S-'.O 


6811  /3  116 

a  14'-  14'"  8   -  13°  14' 

1910.476    274°.9  3".  11      8"'.0  8'".1 

11.426    276  .2  3   .30      7   .8  8   .2 

13.403    276  .7  3  .24     8  .3  9  .0 

13.452    275  .5  3   .26     8  .0  8  .4 


1912.790  259°.0  100".04    .  . .  . 

7034  i  Boot  is 

a  14''  47"'  5  +  19°  31' 

1912.437  126°.6  2".30     6"'.0 

.470  126  .0  2  .09 

.480  124  .0  2  .10 

.486  126  .1  2  .20 


10'".5 


5  .0      7   .0 

7  .5 

8  .0 


5  .0 
5  .0 


1913.444  118°.0  2".33 
.447  118  .4  2  .27 
.452    119  .0      2  .27 


5'".0 
5   .0 


1914.438    111°.0     2".04     4'".0 
.454    110  .0      2  .04      4   .0 


1912.189    275°.8     3".23 
Change  doubt  fid. 


8"'.0     8'".4 


6955     ±'  1865 

a  14''  36'"     5  +  14°  10' 

.4  and  B 

1912.480  141°.9  0".57  3"'.8 
.485  142  .9  0  .63  .... 
.488    142  .9      0  .57      4  .2 


3'".5 
4  .0 


.470    187  .1      1  .43     7  .0 
.480    187  .3      1  .68     7  .0 


1914.408    187 


1".81 


f'.i 


.416    185  .9      1  .72 


1914.360    1S9°.2      0".57      .^"'.0      5"'.2 

6.")30     2  1757 
a  13''  29'"     5  +  0°  12' 


1914.370  85°.7  2".72  S^.O 

.386  85  .1   8  .0 

.397  85  .4  3  .05  .... 

.454  87  .8  2  .68  8  .0 


8'».5 
8  .5 

8  .3 


1911.102   86°.0   2".82   8'".0   8'".4 


1912.484  142°.5  0".59  4"'.0  3"'.8 

1913.403  141°.2  0".69  4'".3   4'".0 

.411  143  .1  0  .63  4  .0   4  .0 

.428  141  .8  0  .68  

.477  143  .5  0  .74  4  .3  4  .0 


7132  23090 

a  15''  4'"  5-0°  36' 

1912.470  275°.8  1".36  9'".2 

.491  278  .1  1  .21   8  .3 

.494  276  .1  1  .34  8  .5 


1913.430  142°.4  0".68  4'».2 

1914.370  139°.7  ()".67  4'".2 

.408  141  .3  0  .85  .... 

.416  140  .0  0  .69  4  .1 


4'".0 

4-.0 
4  .0 


1912.468  12.5°.7   2".  17   5'".2   7"'.5 


7'".0 
7  .5 


1913.448  118°.5  2".29  5"'.0  7'».2 


7'".0 
7  .0 


1914.446  110°.5  2".04  4"'.0   7">.0 

7049  02-  288 

a  14''  49"'  5  +  16°  7' 

1912.437  187°.6  1".58  6"'.0 


6'".  7 

7  .8 

8  .0 


1912.462  187°.3   1".56  6-".7  7'".5 


9      7 


8'".  5 
7  .8 


.454  187  .8  1  .66  7  .0  8  .0 


1914.426  187°.  1   1".73  7'".3  8'".1 


8  .5 
8  .8 


1912.485    276°.7  1".30     8'".7     8'".7 
Very     slow     decrease     in     distance 
probalile. 

7214  2  1932 

o  15'"  14"'  +  27°  12' 

1914.416  358°.4  0".59  6"'.5  6'".8 

.454  362  .3  0  .63  6  .5  6  .6 


1914.398  140°.3   0".74   4"'.2   4"'.()  1914.435  .3()()°.4   0".61   6'".5   6"'.7 
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7251     r/  Corona  Borealis 
a  ISi^  19"'     5  +  30°  39' 


7717     f  Herculis 
a  le''  38"     5  +  31°  47' 


1912.489      42°.l      1".02      6"\0      6"'.l,  1913.463    124°.9 


.491      42  .3     0  .92     6  .0     6  .2. 


1912.490      42°.2      0".97      6'".0      6". 2' 


13.474  121  .8 
13.477  121  .8 
14.791    117  .0 


1".22  3'".0 

1  .09  3  .0 

1  .27  3  .0 

1    .10  3  .0 


6".0 

6  .0 

7  .0 
7  .0 


1913.439 
.455 
.458 


46°.G      0".84      6-.0      6".0 

48  .8     0  .88      

45  .7     0  .96      


1913.451      47°.0  0".89     6™.0     6™.0 

7340  13122 

a  15^  34"^  a  -  19°  27' 

1914.416      31°.4  1".94     7'".0     7^.2 

.454     32  .1  1   .92     7  .0     7  .3 


1914.435      31°.8      1".93     7-".0 
Possibly  slow  increase  in  angle. 

7487     ^  Scorpii 

a  15''  59""    8  r-  11°  6' 

A  and  B 

1912.491  339°.6  0".66  5'".0 

13.463  344  .0  0  .72  .... 

13.472  342  .9  0  .65  .... 

13.474  341  .7  0  .70  5  .0 


1913.801    121°.4      1".17      3"'.()      6™.5 

8303     T  Opiuuchi 

a  17^  58-"     5  -  8°  11' 

1913.554    261°.0      1".95     6'".()     7'".0 

.576    260  .1      1   .98      

.584    261  .3      2  .06      


1913.571  260°.8  2".00  6'".0 

9319  ^2525 

a  19''  23"'  5  +  27°  7' 

1909.733  313°.0  0".75  8'".0 


".0 


1913.227 

342°.0 

0".68 

5'".0 

5"'.6 

A,  B  and  C 

1912.491 
13.463 
13.474 

64°.4 

63  .7 

64  .9 

7".39 
7  .33 
7  .23 

8^.0 
8  .0 
8^.0 

1913.143 

64°.3 

7".32 

7617 

/3  950 

a 

16''  20"" 

5-9° 

38' 

1911.487 
12.491 

355°.4 
351  .5 

0".81 
0  .88 

8^.0 
8">.0 

1911.989 

353°.4 

0".84 

7649  X 

Ophiuchi 

a 

16''  26"' 

8  +  2° 

12' 

1913.463 
.472 
.554 
.559 
.584 

71°.l 
71  .1 
69  .8 
71  .0 
71  .3 

1".02 
1  .05 
0  .90 
0  .94 
0  .98 

4'".0 
4  .0 

5".5 
5  .8 

1913.526     70°.9     0".98     4'".0     5"'.6 
Distance  diminishing  quite  rapidly. 


09.747    308  .8     0  .96     8  .0     8  .2 

09.758    312  .8     0  .86      

14.791    309  .5     0  .80     8  .0     8  .2 


1911.007    311°.0     0".84     8"^.0     8"'.2 

Comparison      with       D  o  b  e  r  c  k  '  s 
ephemeris.      A.N.     4515 

0~C     +  3°.0     +  0".17 


9634 


■2583 


a  19''  44"'    6  +  11°  34' 
1913.699    113°.l      1".39     6"'.0     6"'.5 


13.702  114  .5  1  .50  6  .0 
13.715  116  .7  1  .34  6  .0 
14.791    114  .6      1  .38     6  .5 


6  .4 
6  .5 
6  .9 


10281     Da  1 

a  20''  26-"     8  +  10°  55' 

A  and  B,  C 

1914.788    255°.3    15".68 

.791    256  .6    15  .97      

.813    256  .6    16  .35      6'".5      7"'.0 


1914.797    256°.2    16".00     6"'.5     7'".0 


B  and  C 

1914.788  207°.6  0".43 
.791  217  .6  0  .44 
.813    220  .0      0  .42 


7"'.0      7'".3 


1914.797    215°.  1     0".43     7'".0     7"'.3 

10533     02-413 
a  20''  44™    8  +  36°  7' 


1914.788 
.791 
.813 

52".0 
55  .1 
50  .5 

0".52 
0  .58 
0  .63 

5^.0 
5  .0 
5  .0 

5"'.0 

7" 

7 
7 

7" 

.0 
.0 
.0 

1914.797 

52°.5 

0".58 

.0 

10538  /3  66 

a 

20h  44"' 

8  +  27 

°5' 

1911.599 
13.715 

161°.l 
162  .4 

1".01 

8"'.0 
9  .0 

8" 
9 

.5 
.5 

1912.657    161°.8      1".01      8'".5     9"'.0 

1914.791    162°.6      1".03     8^.5     9"'.2 
.813    163  .4      1   .19     8  .3     8  .8 


1913.977    114°.7      1".40     6'".1      6'".6 

9755     A.  Clark  12 
a  19''  53"'     8  -  2°  30' 
1914.788    316°.4     0".94     8"'.0     8'" 


.791    318  .2      1  .00 


.0     9  .0 


1914.790    317°.3     0".97     8™.0     8™.8 
Slow  retrograde  motion. 


9908  0  428 

a  20''  2'"  5  +  12°  39' 

1914.788    354°.5  0".59     8^.0 

.791    352  .6  8  .0 


9'".5 


1914.790    3.53°.6     0".59     8".0 
No  motion. 


9"'.0 


1914.802    163°.0  l".ll      8"'.4      9'".0 

There  appears  to  be  a  .slow  decrease 
in  distance. 

10732  61  Ci/gni 

a  21''  2™  8  +  38°  13' 

1914.928    129°.0  23".50     5"'.0     5'".7 

.997    130  .0   23  .64      


1914.962    129°.5    23".57     5"'.0     5"'.7 

11125     /3  1212 

a  21''  34"-     8  -  0°  31' 

A  and  B 

1914.786  300°.4  0".38  6"'.5  7'".0 
.788  298  .7  0  .42  6  .0  6  .5 
.791    295  .2      0  .54      6  .5      7  .0 


1914.788    298°.l      0".45     6"'.3     6'".8 
Slow  increase  in  angle. 
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A,  B  and  C 

1914.786    146°.7   42".19  .... 

.788    145  .5   41  .43  .... 

.791    146  .1    41  .63  .... 


11'°.0 
11  .5 
11   .0 


1914.788    146°.l    41".7o      .... 

11590    2-2878 

a  22''  10">     S  +  7°  29' 

.4  and  B 

1913.712  126°.9  1".22  7'".2 

13.715  125  .5  1    .25  8  .0 

14.797  128  .7  1    .20  7   .5 

14.813  127  .1  1   .40  6  .8 


11"\2 


1914.260    127°.0      1".27     7"'.4 
Apparently  fixed. 

A  and  C 


8">.2 
9  .5 
9  .0 
8  .0 


1914.797 

122°.7  65".72 

9"' 

.5 

.813 

123  .3  65  .64 

9 

.0 

1914.805 

123°.0  65".68 
11592  2-2877 

gm 

.5 

a 

22''  10"'  5  +  16° 

42' 

1914.788 

.5°.9  13".06 

e^.o 

gm 

.5 

.791 

6  .0  12  .75 

6  .0 

8 

.0 

1914.790   6°.0  12".90   6"'.0   9"'.0 

11596  Hd  170 
a  22''  10"'  +  16°  44' 
1914.788  242°.3  7".44  10-.2 


.791    242  .2     7  .37    10  .3 


lO-^.o 
10  .7 


1914.790    242°.2     7".40    10'".2    10'".6 
Proper  motion. 


11743     f  Aquarii 

a  22'>  24™     5  -  0°  32' 

1913.712  309°.8   2".99  4'».0 
.715  311  .3   2  .91   4  .0 


4m  2 

4  .3 


A  and  C 

1914.920  318°.o  79".76 
.925  318  .8  79  .80 


lO-^.S 
10  .5 


1913.714  310°.6  2".95  4-".0 

1914.928  308°.4  2".84  4"'.0 

.958  307  .1  2  .76  .... 

.980  307  .5  2  .64  .... 

.994  309  .6  2  .88  ... 

.997  307  .8  2  .77  ... 


4m  2 

4'".0 


1914.922  318°.6  79".78   . 

12601  2  3042 

o  23''  47-"  5  +  37°  21' 

1914.838   86°.l   4".91   7'".0 
.909   85  .3  4  .85   .... 


10"'.4 


7™.! 


1914.971  308°.  1   2".78  4'".0  4'".0 

12008  Ho  482 

a  22''  47'  5  +  25°  51' 

.4,  B,  and  C 

1914.786  198°.l  51".ll   7'".0  9'».2 
.788  198  .5  51  .02  6  .0  9  .5 


1914.787  198°.3  51".06  6"'.5  9"'.4 

12046  /3  178 
a  22''  51-"  5  -  5°  32' 


1914.786  334°.6  0".47  e^-.O 
.788  335  .7  0  .44   .... 


7'°.5 


1914.787  335°.2  0".46  6'".0  7"'.5 

12332  2  3007 

a  23'"  18"'  5  +  -20°  0' 

.4  and  B 


1914.920   86°.4  6".03  7"'.0 
.925  85  .7   6  .28  7  .0 


10'".6 
10  .5 


1914.874   85°.7  4".88  7"'.0  7"'.l 


12675  2  3050 

a  23''  54"'  5  +  33°  11' 

1914.827  221°.0  1".99  6"'.0 

.830  220  .8  2  .20   6  .0 

.838  222  .0  

.909  222  .3  1  .96  6  .0 


6'".4 
6  .3 

6  .4 


1914.851  221°.5  2".05  6'".0  6"'.4 

12709  d  281 

a  23''  58"'  6+1°  35' 

.4  and  B 

1914.791  195°.  1   1".23  8™.0  9">.5 

.802  195  .5   1  .06  7  .5  10  .0 

.813  189  .8   1  .02  8  .0  10  .5 


1914.802  193°.5   1".10  7'".8  lO^.O 


.4  and  C 

1914.791  333°.6  34".29 
.802  333  .2  35  .05 
.813  332  .1  34  .81 


12"'.0 

11  .5 

12  .0 


1914.922   86° .0  6".16  7"'.0  10"'.5  1914.802  333°.0  34".72 


11  "'.8 


OBSERVATIONS    OF    THE    TRANSIT    OF    MEBCUBY,   1914,   NOT.  6, 

ft 

By  D.WID  TODD. 


Transit  of  Mercury  (Egress) 

Contact  ni    21''  17""  37"  ±3'      Wt.  2    Chronom.  W 
-18.3  =  AW 


21     17     18.7        Amherst  M.  T. 
Bisection  (dichotomy)  of  disk  (estimated) 

21''  18"-  40"       Wt.  1 
-18 


Contact  IV    21''  19"'  45'       Wt.  1 
-18 


21     18     22        Amherst  M.  T. 


21     19     27     •    Amherst  M.  T. 

Atmosphere  (|iiite  unsteady.     Power  200. 

Latitude  oi  Observatory  +42°  21 '  56".  long.  4''  50"'  5'.9  W . 

AnihrrsI  Collegi:  OhtKri'alory,  tUt!,,  Noifinbcr  S. 
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SUNSPOT    OBSERVATIONS, 

MADE    AT    BERWYN,    PENN.,    WITH    A    4^-INCH    REFRACTOR, 
By  a.  W.  QUIMBY, 


1915 

Time 

New 

Total 

Fac. 

Def. 

1915 

Time 

New 

Total 

Fac 

Def. 

1915 

Time 

New 

Total       1  Fac. 

n*if 

Grs. 

Grs.    ~ 

Spots 

Grs. 

Grs. 

Grs.i  Spots 

Grs 

Grs. 

Grs. 

Spots^  Grs. 

i^ei. 

Jan.     1 

8 

1 

3 

5 

1 

fair 

Mar.  10 

8 

— 

5 

9 

3 

fair 

May   (i 

7 

1 

6 

22 

3 

fair 

2 

8 

- 

2 

9 

1 

fair 

11 

8 

- 

3 

14 

3 

fair 

7 

7 
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6 

23 

3 
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3 

8 
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A    GRAPHICAL    METHOD    FOR    DETERMINING    STELLAR    PARALLAX 

FACTORS   IN    RIGHT   ASCENSION, 

By   frank   SCHLESINGER. 


The  parallax  factor  in  any  direction  is  the  quantity  by 
which  it  is  necessary  to  multiply  the  annual  parallax  in 
order  to  obtain  the  shift  in  that  direction  at  any  desired 
time.  The  expression  for  the  parallax  factor  in  right 
ascension  is 

H  ■  sin  O  ■  cos  a  •  cos  e  —  H  ■  sin  a    cos  O 


vector  of  the  Earth  in  its  orbit,  never 
l\v  more  than  0.017;    O  is  the  longi- 


Here  R  is  the  radiu 

differing  from  miity 

tude  of  the  Sun  at  the  date  of  observation;   a  is  the  right 

ascension  of  the  star,  and  t  is  the  inclination  of  the  equator 

to  the  ecliptic.     It  will  be  noticed  that  the  declination  of 

the  star  does  not  enter  this  expression. 

We  readily  see  that  the  parallax  factor  is  also  equal  to 

R    cos  Q  , 

Q  being  an  arc  joining  the  position  of  the  Sun  (at  the  date 
of  observation)  with  a  point  on  the  equator  whose  right 
asceasion   is   90°   greater    than    that    of   the   star.     The 


factors  may  therefore  be  ol)tained  graphically  liy  means 
of  two  great  circles  on  a  sphere,  inclined  23°. 5  to  cich 
other.  One  of  them  is  to  be  graduated  for  the  longitude 
of  the  Sun;  the  other  is  reserved  for  the  right  ascension 
of  the  star,  but  these  graduations  must  begin  with  18 
hours  at  the  intersection  of  the  two  circles.  By  meas- 
uring Q  with  a  flexible  scale  of  cosines,  graduated  from 
+  1  to  —1,  we  obtain  the  parallax  factors  directly,  except 
for  the  small  correction  due  to  R. 

Small  hemispheres  of  ground  glass,  excellently  adapted 
to  this  and  many  other  purposes,  may  be  obtained  for  a 
nominal  sum  at  Harvard  University.  A  hemisphere 
serves  the  present  application  as  well  as  a  sphere,  if  only 
we  have  due  regard  to  the  matter  of  signs.  In  general, 
for  parallax  observations  in  or  near  the  meridian,  those 
made  before  midnight  have  negative  factors,  and  those 
made  after  mitlnight  have  positive  factors. 

Alhcihenii  Obserralnry  of  the  Unwersil)/  of  Pillxburiih , 
26  May,  1915. 


NOTE    ON    VAN  MAANEN'S 
EXCEEDING    HALF 

By   .1. 


In  the  Astrophysical  Journal  for  April  there  is  given  a 
list  of  stars  with  proper-motion  exceeding  0".50  amiually. 
A  cursory  review  of  this  list  has  sho\\Ti  that  it  contains 
a  number  of  stars  which  do  not  belong  in  it.  Work  on 
our  new  proper-motion  catalogue  is  not  yet  far  enough 
advanced  to  permit  an  exhaustive  examination. 

I  give  two  lists,  first  of  those  stars  which  have  quite 
small  motion,  and  second  of  those  whose  motion  falls 
only  a  little  below  the  limit  of  half  a  second. 

LIST   I 


LIST    OF    STARS    WITH    ^lOTION 
A    SECOND    ANNUALLY, 

G.    PORTER. 
Xo. 

480     Lai.  43065  Motion  small.     See  Boss. 

.514    A.  G.  Harv.  8232 
.520     Pi.  23'-.  242 


No. 
7 

63 

69 
167 
196 
226 
364 
384 
389 
390 

441  ) 

442  5 


.1 .  G.  Chris.  15 
A.  G.  Chris.  416 
A.  W.  1436 
A.G.  //an'.  3181 
A.  G.  Harv.  3591 
A.  G.  Chris.  1806 
A.  G.  Chris.  2517 
A.  G.  Chris.  2661 
A.  G.  Her.  A.  6369 
A.  G.  Chris.  2703 

Groom.  3142 


Motion  very  small, 

Moticto  only  0".13 

Motion  only  0".16 

Motion  small.     See  .4../.  398. 

Motion  very  small.  See  A  .J.  398. 

Motion  small. 

Motion  small. 

Motion  small. 

Motion  very  small. 

Motion  only  0".16 

Motion  verv  small.     See  Boss. 


Motion  small. 
Motion  small. 
:\I()tion  about  0".26 


10 
25 
29 
55 
128 
154 
156 
201 
240 
280 
333 
409 
416 
446 
4()8 
492 


A.  W.  120 
Groom.  145 
Lai.  1799 
LaL  3922 
Km.  1690 
Lai.  15394 
A.  W.  6270 
IT'.  10'-,  366 
Lai.  22901 
Pi.  13'',  89 
Lai.  Bo.  2265 
Lai.  349S6 
A.  W.  1.507(1 
M'u.  25146 
Lai  41348 
Kli.  625() 


LIST  II 

Motion  about  0".45 
0  .41 
0  .44 
0  .47 
0  .43 
0  .47 
0  .45 
0  .47 
0  .43 
0  .46 
0  .47 
0  .47 
0  .46 
0  .38 
0  .44 
0  .43 
Cinrinimli  Ohxcrralorii.  Mnii  10.  UHn  . 
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PHOTOGRAPHIC    POSITIONS    OF    COMETS, 

Bv  WILLIAM   ().   BEAL. 


The  plates  were  taken  at  the  observatory  of  the  Univer- 
sity of  Minnesota  with  the  lOJ^-inch  equatorial.  The 
photographs  were  made  for  position  only,  the  exposure 
times  varying  from  two  to  five  minutes.     The  scale  of 

B  =  William  0.  Beal 
D  =  Alfred  Davis 


the  plates  is  1"°'=1'.  The  measurements  were  made 
with  the  Repsold  measuring  machine.  The  star  places 
were  taken  from  the  A.  G.  Zones.  In  the  table  the 
following  designations  are  used: 

M  =  Charles  A.  Maney 
P    =  Harold  Peterson 


Lv  =  F.  P.  Leavenworth 


Minneapolis  !M.T. 
1911 

a  1911.0 

3  1911.0 

log 

pA 

-NO.  or       r' 

|E.xposares    ^g-'P" 

Computer 

Photo, 
by 

a 

\            ° 

Comet  1911  /  (Quenisset 

)■ 

1 

Oct.    3''  8" 

59m  p 

15'> 

18"'  53\94 

+54°  11'  17".l 

9.849 

0.625 

4 

4 

B 

Lv 

2 

Oct.    4    8 

46  33 

15 

21      8 .22 

52    15  40  .0 

9.831 

0.616 

4 

4 

B  and  Lv 

D 

3 

Oct.    7    8 

4  36 

15 

26    40  .14 

46    44  42  .2 

9.781 

0..5S6 

4 

4 

B 

Lv 

4 

Oct.  10    8 
1912 

26     1 

15 

30    59  .83 

a  1912.0 

+41    30  50  .7 

Comet  1912  c 
d  1912.0 

9.744 

(Gale). 

0.681 

1 

3 

B 

Lv 

1 

Oct.    4^  6'' 

43"'53-^ 

loh 

26"'  .59^.89 

-1°40'  16".6 

9.567 

0.797 

1 

4 

Lv 

Lv 

2 

Oct.    7    6 

46  26 

15 

33    20  .97 

+  1    56  19  .3 

9.575 

0.785 

2 

4 

M 

M 

3 

Oct.    9    7 

3  25 

15 

37      5 .28 

4    14  23  .5 

9.593 

0.779 

2 

4 

P 

P 

4 

Oct.  13    6 

45  49 

15 

43    27.97 

8   31   26  .5 

9.590 

0.761 

2 

4 

Lv 

Lv 

5 

Oct.  14    6 

37  50 

15 

44    52  .65 

9   32     9  .0 

9.587 

0.755 

2 

4 

M 

M 

6 

Oct.  15    6 

25     5 

15 

46    12  .40 

10   31   21   .0 

9.579 

0.747 

2 

4 

Lv 

Lv 

7 

Nov.  1    6 

11     6 

16 

2    59  .01 

24   41   32  .8 

9.641 

0.686 

4 

4 

P 

Lv 

8 

Nov.  4    6 

iO     5 

16 

5    25  .01 

26    48  41   .7 

9.653 

0.681 

4 

2 

B 

M 

9 

Nov.  5    6 

11  33 

16 

6    13  .63 

27   30   15  .0 

9.658 

9.681 

5 

3 

B 

Lv 

10 

Nov.  8    6 

27  37 

16 

8    40.99 

+29   33     3  .9 

9.676 

0.698 

3 

4 

B 

P 

yiinneapotis,  Minn.,  Dec.  Id,  1914- 


OBSERVATIONS    OF    LONG   PERIOD   VARIABLES, 

By  CAROLINE   E.  FURNESS. 

The  predicted  maxima  and  minima   in  this  table  are  computed  from  the  elements  in  Hahtwig's  Ephemeris 
published  in  the  Vieiieljahrsschrift  for  1914. 


htar 


Dates  Included 


!  No. 
lObs. 


Maximum  or  Minimum 
Observed  Computed 


0-C 

Mg. 

-   22 

9.5 

+  48 

8.5 

-  65 

9.4 

-     4 

10.4 

+  20 

14.4 

-     3 

7.8 

-101 

14.0 

—  14 

9.4 

+  18 

8.7 

J.  D. 
Max.  or  Min. 


Y  Cephei 

RV  Cassiopeia 
U  Andromedce . 

S  Arietis 

RR  Persei .... 

U  Arietis 

R  Tauri 

V  Tauri 

U  Aurigce .... 


1913,  Jan. 
1913,  Oct. 


9- 
3- 
14- 
22- 
26- 
28 

1913,  Nov.  17- 
1913,  Jan.  28- 
1913,  Jan.  28- 


1913,  Jan. 
1913,  Oct. 
1911,  Feb. 
1913,  Jan. 


June  2 
-1914,  Mar.  20 

Mar.  5 
-1914,  Mar.  20 
-1913,  .\pr.  30 

^lar.  5 
-1914,  Apr.  13 

Apr.  30 

Mav    7 


8 

Max. 

8 

Max. 

5 

Max. 

9 

Max. 

11 

Min. 

4 

Max. 

7 

Min. 

7 

Max. 

7 

Max. 

1913, 
1913, 
1913, 
1913, 
1913, 
1913, 
1914, 
1913, 
1913, 


Mar.  21 
Dec.  1 
Feb.  16 
Nov.  10 
Jan.  10 
Feb.  17 
:\Iar.  4 
Mar.  19 
Apr.  23 


1913, 
1913, 
1913, 
1913, 
1912, 
1913, 
1914, 
1913, 
1913, 


Apr.  12 
Oct.  14 
Apr.  22 
Nov.  14 
Dec.  21 
Feb.  20 
June  13 
Apr.  1 
Apr.  5 


2419848 
2420103 
2419815 
2420082 
2419778 
2419816 
2420196 
2419846 
2419881 
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.star 


Dates  Included 


No. 
Obs. 


Maximum  or  Minimum 
Observed  Computed 


O-C 

Mg. 

14.3 

20 

-   46 

8.7 
13.2 

9 

+  49 

6.8  j 

20 

+  67 

7.2 

9 

+  25 

9.6 

3 

-  35 

9.8 
14.0 

5 

-   11 

8.7 

4 

-     6 



9.3 
14.2 

17 

+  31 

9.5 

30 

+  20 

9.2 
14.1 

19 

+  33 

9.0 

26 

-  43 

9.2 

13 

-   17 

9.8; 

6 

-  59 

7.9 

7 

+  55 

8.9 

16 

+     2 

10.0 

29 

-   52 

10.0 

22 

-   18 

7.3 

J.  D. 

Max.orMin. 


V  Camelopard 

RR  Aurigoe.  .  . 

V  Mo7iocerotis 
S  Can.  Min..  . 
T  Can.  Min. . . 

U  Cancri 

RU  Urs.  Maj. 


RV  Draconis   . 
RS  Urs.' Maj.'. 


1912,  Jan.  20—1913,  May  29 


1912,  Nov. 

1913,  Jan. 
1913,  Jan. 
1913,  Jan. 
1913,  Jan. 

1913,  Jan. 

1914,  Jan. 
1912,  Nov. 


30- 
30- 
30- 
30- 
30- 
8- 
22- 
30- 


-1913,  ]\Lav  7 
Apr.  30 
May  20 
May  20 
]\Lay  29 
June  4 
May  27 

-1913,  June  2 


1913,  Jan.  8--1914,  Oct.   1 


RR  Urs.  Maj..  .  1913,  Oct.  3—1914,  May  27 

T  Urs.  Mil)..  .  .  1913,  Jan.  8—           June     2 

ZCmm 1913,  Jan.  9—           Feb.     4 

R  Delphitii 1913,  Oct.  2—           Dec.   18 

T  Delphini  ....  1913,  Oct.  2—           Dec.   18 

R  Equulei 1912,  Oct.  16— 1913,  Jan.    14 

Y  Pegasi 1913,  Oct.  6—           Nov.  25 

V  Cassiopeice  .  .  1913,  Oct.  3—1914,  Mar.  20 


24 

Min. 

Max. 

11 

Min. 

8 

Max. 

8 

Max. 

8 

Max. 

8 

Max. 

12 

Min. 

7 

Max. 

9 

Max. 

Min. 

23 

Max. 

Max. 

Min. 

13 

Max. 

8 

Max. 

4 

Max. 

7 

Max. 

6 

Max. 

8 

Max. 

6 

Max. 

7 

Max. 

1912, 
1913, 
1913, 
1913, 
1913, 
1913, 
1913, 
1913, 
1914, 
1912, 
1913, 
1913, 
1913, 
1914, 
1913, 
1913, 
1913, 
1913, 
1913, 
1912, 
1913, 
1913, 


Aug.  29 
Mar.  5 
Jan.  18 
Mar.  31 
Mar.  26 
Apr.  3 
Apr.  29 
ALar.  14 
Fel).  22 
Dec.  29 
ALiy  13 
Feb.  17 
Oct.  20 
Mar.  24 
Dec.  22 
Feb.  11 
Jan.  27 
Nov.  8 
Nov.  1 
Dec.  18 
Nov.  7 
Dec.  4 


Unknown 
1913,  Apr. 
LTnknown 
1913,  Feb. 
1913,  Jan. 
1913,  .Mar. 

1913,  June 
Unknown 

1914,  :\Iar. 
1913,  Jan. 
Unknown 
1913,  Jan. 
1913.  Sept. 
Unknown 
1913,  Nov. 
1913,  Mar. 

1913,  Feb. 

1914,  Jan. 
1913,  Sept. 

1912,  Dec. 

1913,  Dec. 
1913,  Dee. 


2419644 
2419832 
2419786 
2419858 
2419853 
2419861 
2419887 
2419841 
2420186 
2419766 
2419901 
2419816 
2420061 
2420216 
2420124 
2419810 
2419795 
2420080 
2420073 
2419755 
2420079 
2420106 


Vansar  College  Ohservalori/.  May  20,  191-5. 


OBSERVATIONS    OF    COMET  n,    1915   (MELLIsh^ 

MADE    WITH    MICROMETER    OF   .VlNCH    EQU,\TORIAL   TELESCOPE,    UNIVERSITY    OF    IOW.\    OBSERV.\T0RY,    IOW.\    CITV,    IOWA, 

By  O.  H.  TRUMAN. 


1915     G.  M.  T. 

Aa 

A5 

Comp. 

a    .\pp. 

5  App. 

log  /)  A 
in  a 

log  pA 
in  5 

Star 

27  Apr.    21''45"'04» 

10  -\[;.v   21    36    56 

12  May   21    21    04 

i    15  May   21   37    09 

+ 1-  47'.23 
+0      9 .73 

+ 1    53  .78 
-1    13.40 

-9'38".9 
+0'25  .34 
+9'  11  .1 
+0'37  .8 

9  ,  8 
4  ,  4 
8  ,  8 
4  ,  5 

18''  40"'  13^64 
19   02    22.32 
19   06    39.22 
19   13    56.42 

-  9°24'59".9 
-18   51  50  .0 
-21   00  26  .5 
-24   46  42  .8 

9.685n 
8.585« 
8.789« 
8.404n 

0.834 
0.881 
0.895 
0.908 

1 
2 
3 
4 

Star 

Authority 

a  191.5.0 

6  1915.0 

Red.  to  App.  PI. 

1 
2 

3 

4 

Srhj.  JS     Mnnch.  Stern.  Supp.  Bd.  12      2487 
Munch.  Stern.  Sui)p.H(l.  13  797.    Yarnall  8290 
TT  Sagitai->i                                           N.  Almanac 
Wash.  Zones,  1846—1852                            17799 

18'' 38"' 24-M2 
19   02      9 .83 
19   04    42.58 
19    15    06.83 

-  9°15'11".45 
-18   52   10  .4 
-21    09  34  .72 
-24   47   19  .8 

+2^29     -9". 51 
+2 .76     -3  .94 
+2.86     -2  .9 
+2.99     -0  .75 

The  observation  No.  3  was  corrected  a  whole  revohition  of  tlie  mic.  screw,  in  A5,  amounting;  to  27". 5. 
now  l)elievecl  to  be  correct. 

ft 

ERRATA. 
Ill  tlie  article  by  Paul  S.  Yendell,  contained  in  No.  677,  the  following  corrections  should  be  made: 
Page  38  For  Rt  Cygni  read  RT  Cijgrii.  For  T.r  Cygni  read  TX  Ct/gni. 
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MEASURES   OF   THE   EARLIER   JONCKHEERE    STARS, 

By   eric   DOOLITTLE. 


Of  the  1034  Stars  thus  far  added  to  our  lists  by  Robert 
JoNCKHEEKB,  the  earlier  onea  have  now  been  discovered 
for  so  long  a  time  that  it  is  not  improbable  that  a  re- 
measurement  of  these  may  show  interesting  changes  in 
some  cases.  A  few  years  ago  the  first  130  of  them,  — 
J  1  to  J  130,  —  were  added  to  the  observing  list  of  the 
Flower  Observatory,  and  this  series  has  now  been  prac- 
tically finished,  though  there  are  still  a  few  on  which, 
either  from  errors  in  the  identifications  or  from  errors 
in  the  descriptions,  measures  have  not  been  secured. 
Quite  a  considerable  number  of  the  later  discoveries 
have  also  been  measured  here,  but  these  measures  are 
reserved  for  a  later  publication. 

The  first  130  of  the  Jonckheere  pairs  were  announced 
in  the  Journal  Astronomique,  Vol.  I,  Nos.  1  to  8,  and  they 
were  also  published  in  the  A.N.,  No.  4406.     Occasional 


discrepancies  occur  in  the  two  lists,  which  will  be  found 
referred  to  in  the  Notes. 

The  following  measures  have  been  made  in  the  usual 
manner;  at  least  four  measures  of  double  distance  and 
four  measures  of  angle  being  obtained  on  each  night. 
The  positions  are  for  1880.0.  It  is  much  to  be  desired 
that  all  published  results  should  for  the  present  be  re- 
ferred to  this  standard  epoch,  since  any  other  course 
simply  entails  upon  one  who  uses  the  measures  the  labor 
of  reducing  them.  In  time,  a  new  epoch  must  doubtless 
be  chosen  for  all  double  stars,  but  this  need  not  be  con- 
sidered now,  nor  for  many  years  to  come. 

Although  but  five  years  have  elapsed  since  the  pairs 
here  measured  were  discovered,  it  will  be  seen  that  with 
several  of  them  there  is  already  decided  evidence  of  an 
interesting  change. 


J. 

Right  Asc. 

Decl. 

Date 

6 

P 

Mags. 

n 

Notes 

26 

3h29m32s 

14°52' 

1912.08 

146°.6 

2".57 

9.2   9.4 

3 

1 

27 

3  39  39 

28  32 

1912.10 

55  .3 

3  .24 

9.8  12.2 

4 

2 

28 

3  43  44 

28  25 

1912.10 

192  .5 

2  .27 

9.8  11.7 

3 

3 

30 

3  56  39 

6  22 

1912.17 

226  .7 

1  .36 

9.2  10.7 

3 

4 

11 

4  46  2 

43  32 

5 

31 

4  49  22 

37  40 

1913.14 

351  .0 

3  .52 

9.4  12.3 

3 

6 

12 

4  51  45 

42  41 

7 

47 

4  53  41 

0  20 

1913.06 

310  .5 

1  .70 

9.6  10.4 

4 

8 

13 

4  55  32 

43  30 

1913.03 

163  .2 

0  .87 

9.4   9.7 

3 

9 

14 

4  59  56 

27  2 

1913.05 

228  .6 

1  .87 

9.6  10.3 

3 

10 

33 

5  1  32 

6  26 

1913.04 

19  .9 

1  .56 

9.8  11.1 

4 

11 

15 

5  5  30 

8  50 

1913.06 

240  .3 

2  .07 

9.3  12.0 

3 

12 

48 

5  9  30 

1  5 

1913.06 

27  .9 

2  .22 

9.2   9.7 

4 

13 

34  . 

5  21  6 

1  20 

1913.05 

349  .6 

1  .80 

9.9  10.6 

3 

14 

7 

5  24  16 

-2  52 

1913.09 

211  .2 

1  .09 

9.6  10.3 

4 

15 

8 

5  36  59 

25  53 

1912.07 

250  .5 

1  .85 

10.2  11.2 

3 

16 

35 

5  40  21 

6  20 

1912.07 

357  .0 

1  .57 

9.5   9.9 

3 

17 

36 

5  41  56 

3  51 

1912.19 

113  .5 

1  .88 

8.9  10.2 

3 

18 

50 

5  56  10 

8  1 

1913.10 

63  .7 

0  .48 

8.7   8.8 

4 

19 

17 

5, .56  33 

43  2 

1913.04 

150  .8 

2  .49 

9.2   9.6 

3 

20 

(49) 
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J. 

Right  Asc. 

Decl 

Date 

6 

p 

Mags. 

// 

Notes 

16 

5''56"'34^ 

6°30' 

1913.05 

180°.6 

1".93 

9.5 

12.1 

3 

21 

51 

5  56  51 

8  11 

1912.18 

121  .9 

1  .06 

8.8 

9.7 

3 

22 

9 

5  59  0 

27  38 

1912.18 

147  .5 

1  .89 

10.8 

11.4 

3 

23 

10 

5  59  37 

27  32 

1912.18 

127  .1 

3  .25 

9.6 

11.9 

3 

24 

52 

6  5  30 

2  30 

1913.04 

279  .9 

2  .04 

8.2 

9.4 

3 

25 

18 

6  6  21 

15  57 

1913.16 

190  .0 

0  .74 

9.3 

10.8 

3 

26 

19 

6  7  4 

19  0 

1913.06 

132  .6 

2  .41 

8.9 

10.8 

3 

27 

37 

6  8  17 

7  56 

1913.08 

317  .4 

2  .70 

9.1 

10.7 

3 

28 

38 

6  13  3 

6  20 

1913.11 

190  .4 

0  .87 

9.3 

9.5 

3 

29 

53 

6  17  31 

2  44 

1913.09 

124  .9 

1  .85 

7.2 

10.8 

4 

30 

54 

6  33  35 

-1  39 

1913.10 

203  .4 

2  .53 

9.0 

9.8 

3 

31 

39 

6  35  17 

9  19 

1913.12 

274  .7 

1  .01 

9.2 

10.3 

3 

32 

40 

6  35  40 

-0  9 

1913.06 

102  .1 

2  .16 

9.7 

10.9 

3 

33 

55 

6  43  22 

2  8 

1913.94 

178  .9 

2  .55 

9.8 

10.2 

3 

34 

20 

6  45  2 

0  32 

1913.97 

131  .6 

0  .73 

10.1 

10.9 

3 

35 

56 

6  46  43 

2  53 

1913.95 

328  .8 

1  .16 

8.4 

9.3 

4 

36 

41 

6  50  1 

6  38 

1913.22 

225  .2 

4  .19 

9.4 

10.1 

3 

37 

21 

6  55  42 

10  41 

1913.12 

274  .6 

3  .02 

9.5 

9.8 

3 

38 

22 

6  56  20 

12  44 

1913.08 

332  .6 

1  .10 

9.1 

9.3 

3 

39 

57 

7  3  48 

3  6 

1913.95 

126  .1 

2  .24 

9.5 

10.7 

3 

40  AB. 

1913.92 

62  .9 

20  .36 

10.9 

2 

AC. 

58 

7  5  44 

-0  18 

1914.947 
1914.953 

41 

23 

7  6  47 

2  25 

1913.96 

295  .3 

4  .90 

9.5 

9.9 

3 

42 

59 

7  6  52 

3  3 

1913.97 

22  .9 

1  .13 

9.4 

9.5 

3 

43 

60 

7  7  12 

-2  26 

1913.95 

30  .7 

1  .30 

8.4 

9.0 

4 

44 

42 

7  8  50 

8  6 

1913.03 

80  .6 

2  .00 

9.2 

9.6 

3 

45 

61 

7  9  39 

-0  25 

46 

43 

7  17  21 

8  30 

1913.03 

67  .1 

3  .15 

9.7 

10.1 

3 

47 

62 

7  22  40 

7  1 

1913.17 

305  .6 

0  .46 

9.6 

10.3 

4 

48 

44 

7  24  16 

7  4 

1913.18 

197  .5 

3  .03 

10.1 

10.9 

3 

49 

63 

7  30  30 

2  14 

1913.17 

159  .4 

1  .26 

8.5 

8.9 

4 

50 

64 

7  31  38 

3  30 

1913.17 

176  .0 

4  .09 

9.0 

10.2 

3 

51 

45 

7  35  4 

9  18 

1913.93 

185  .0 

1  .87 

9.2 

10.8 

3 

52 

65 

7  38  6 

-0  58 

1913.12 

211  .9 

1  .35 

9.2 

10.3 

3 

53 

66 

7  41  35 

-0  39 

1913.06 

198  .0 

2  .81 

9.6 

10.8 

3 

54 

67 

7  48  22 

0  34 

1913.03 

51  .5 

3  .60 

9.5 

9.7 

3 

55 

46 

7  48  58 

12  59 

1913.11 

284  .0 

1  .12 

9.1 

12.0 

4 

56 

68 

7  49  53 

1  11 

1913.08 

24  .2 

1  .08 

9.3 

9.8 

3 

57 

69 

7  50  5 

3  43 

1914.03 

2.58  .9 

1  .79 

9.4 

11.5 

3 

58 

70 

7  52  41 

6  40 

1913.13 

308  .3 

2  .23 

8.1 

10.4 

4 

59 

71 

8  1  25 

6  2 

1913.13 

321  .5 

3  .31 

9.2 

9.9 

3 

60 

72 

8  8  45 

0  21 

1914.03 

116  .3 

2  .64 

9.5 

9.9 

3 

61  AH. 

>914.02 

121  .6 

30  .96 

10.1 

2 

AC. 

73 

8  19  31 

8  12 

1913.97 

213  .7 

3  .87 

8.2 

11.5 

3 

62 

74 

8  44  7 

1  51 

1913.07 

98  .2 

3  .54 

9.4 

9.7 

3 

63 

75 

8  46  56 

2  4 

1913.16 

34  .5 

3  .70 

8.6 

1 1 ..-) 

3 

64 

76 

8  53  51 

9  45 

1914.03 

261  .9 

4  .29 

9.3 

12.2 

3 

65 

77 

8  58  35 

10  58 

1913.99 

143  .3 

1  .16 

8.8 

9.1 

4 

66 

78 

9  32  39 

3  14 

1912.22 

209  .1 

3  .56 

9.5 

11.0 

3 

67 

83 

9  44  16 

4  10 

1913.05 

233  .2 

1  .66 

9.7 

10.(1 

'^^ 

()8 

84 

10  30  0 

1  18 

1912.25 

60  .1 

0  .67 

8.6 

8.7 

4 

69 

88 

10  32  9 

-5  19 

1913.15 

238  .4 

8  .63 

9.4 

12.2 

I   3 

70 

79 

10  33  11 

8  3 

1912.23 

146  .1 

1  .56 

8.1 

8.7 

3 

71 

89 

10  37  14 

-3  15 

1912.24 

86  .4 

4  .03 

9.5 

10.8 

3 

72 

80 

10  45  23 

7  13 

1912.22 

217  .9 

4  .03 

8.8 

9.6 

3 

73 
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J. 

Right  Asc. 

•Decl. 

Date 

0 

p 

Mags. 

n 

Notes 

90 

10H7'"34= 

-7°  4' 

1913.16 

237°.  1 

4".01 

9.3 

9.5 

3 

74  AB. 

1913.16 

190  .3 

10  .69 

11.8 

3 

BC. 

81 

11  1  43 

10  51 

1912.23 

140  .8 

1  .78 

9.3 

9.8 

4 

75 

82 

11  3  44 

11  33 

1912.23 

110  .9 

1  .79 

9.4 

9.9 

3 

76 

85 

11  25  13 

3  44 

1913.18 

161  .3 

4  .43 

7.3 

13.6 

3 

77 

86 

11  28  12 

4  47 

1912.24 

91  .3 

2  .12 

8.8 

9.8 

3 

78 

87 

11  34  47 

5  37 

1912.26 

127  .4 

1  .90 

7.6 

12.2 

3 

79 

92 

11  52  55 

1  12 

1913.15 

173  .0 

14  .23 

6.6 

13.5 

3 

80 

94 

18  1  15 

13  57 

1912.40 

309  .8 

3  .33 

9.5 

10.0 

3 

81 

95 

18  22  17 

7  5 

1912.43 

125  .5 

1  .60 

9.5 

10.3 

3 

82  AB. 

1912.40 

31  .0 

33  .89 

10.7 

2 

AC. 

96 

18  27  9 

6  32 

1912.43 

149  .2 

2  .80 

9.1 

10.2 

3 

83 

98 

18  27  53 

17  24 

1912..53 

148  .2 

3  .28 

9.4 

10.7 

3 

84 

99 

18  30  49 

6  35 

1012.46 

323  .2 

26  .88 

5.2 

13.5 

2 

85 

101 

18  33  28 

6  54 

1913.59 

233  .7 

3  .26 

9.9 

12.7 

3 

86 

102 

18  33  47 

6  59 

1913.64 

47  .1 

2  .68 

9.5 

13.1 

3 

87 

105 

18  38  45 

-7  6 

1912.45 

344  .5 

7  .13 

8.6 

10.7 

3 

88 

106 

18  40  29 

-9  46 

1912.43 

336  .0 

3  .87 

9.8 

10.1 

3 

89 

107 

18  44  42 

-6  25 

1912.45 

189  .0 

5  .69 

8.7 

11.8 

3 

90 

108 

18  45  4 

13  43 

1912.43 

76  .7 

1  .40 

9.6 

9.9 

3 

91 

109 

18  45  24 

29  41 

92 

110 

18  46  47 

35  15 

1913.60 

168  .8 

1  .62 

9.5 

11.0 

3 

93 

111 

18  52  20 

-6  58 

1913.13 

89  .3 

4  .60 

9.6 

11.4 

4 

94 

113 

19  0  32 

-8  2 

1913.80 

4  .3 

6  .04 

8.9 

12.0 

3 

95 

114 

19  11  10 

-0  38 

1913.80 

204  .1 

4  .97 

9.4 

11.3 

3 

96 

115 

19  15  30 

-1  34 

1912.87 

2  .1 

3  .66 

9.9 

11.3 

3 

97  AB. 

1912.87 

47  .1 

7  .03 

12.1 

3 

AC. 

116 

19  15  33 

-1  36 

1912.99 

95  .7 

3  .59 

9.4 

10.3 

5 

98 

24 

19  30  42 

20  27 

1913.61 

256  .1 

2  .55 

9.3 

10.9 

3 

99 

119 

19  32  24 

-1  32 

1913.80 

253  .3 

5  .67 

9.0 

12.3 

3 

100 

120 

19  32  8 

-1  33 

1913.81 

91  .2 

1  .91 

8.7 

10.1 

3 

101 

123 

19  40  33 

10  17 

102 

125 

19  46  54 

41  22 

1913.62 

213  .4 

1  .80 

8.8 

9.2 

3 

103 

126 

19  46  32 

10  3 

104 

25 

19  48  33 

29  4 

1913.64 

2  .1 

0  .94 

9.5 

10.4 

4 

105 

127 

20  7  18 

34  48 

1913.61 

2  .3 

2  .59 

10.1 

10.3 

3 

106 

128 

20  10  26 

34  38 

1913.60 

196  .8 

6  .62 

8.8 

11.2 

3 

107 

130 

20  25  46 

41  25 

1913.59 

265  .3 

2  .39 

9.1 

9.5 

3 

108 

3 

20  25  52 

11  26 

1913.81 

134  .6 

1  .26 

10.2 

11.0 

4 

109 

1 

20  27  11 

11  20 

1913.81 

34  .3 

1  .02 

8.8 

9.6 

4 

110 

4 

20  29  34 

47  27 

1913.59 

358  .3 

1  .96 

9.7 

9.9 

3 

111 

2 

21  49  25 

18  35 

1913.82 

30  .2 

3  .11 

10.1 

10.1 

4 

112 

NOTES 


1.  Several  measures  by  J  and  V,  who  reverse  the 
quadrant.  Fixed.  2.  Three  prior  measures.  Fixed. 
3.  Called  A.G.  Cam.  1492  instead  of  1942  in  J.A.  No 
certain  change.  4-  Change  is  still  uncertain.  -5.  The 
magnitudes  differ  slightly  in  J.A.  and  (4406).  6.  Prob- 
ably fixed.  7.  AnglediffersinJ.4.  and  (4406).  S.  No 
change  is  indicated.  9.  Apparently  fixed.  10.  The 
distance  by  J  is  smaller.  The  magnitudes  differ  in  J.A. 
and  (4406). 


11.  No  change  is  indicated.  12.  A  rather  difficult 
pair.  Fixed.  13.  There  is  no  certain  change.  14- 
Fixed.  15.  The  large  change  indicated  by  the  earliest 
measures  is  not  confirmed.  16.  Fixed.  17.  Fixed. 
IS.  Several  measures.  Fixed.  19.  The  N.  star  of  a 
N.  and  S.  row.  A  not  very  difficult,  but  an  interesting 
pair.     Some  increase  of  angle  is  indicated.     20.     Fixed. 

21.  Fked.  A  10.5  mag.  star  is  in  213°:  20".  22. 
Apparently  fixed.    23.     Fixed.     ^4-     Slight  changes  are 
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indicated,  which  are  probably  not  real.  25.  A  l)right 
and  easy  pair:  it  is  strange  that  this  was  not  noticed 
earlier.  Fixed.  26.  Probably  fixed.  27.  In  a  loose 
cluster.  Some  change  is  indicated.  28.  Probably  fixed. 
29.  Fixed.  30.  There  is  a  more  distant  companion: 
1913.04  103°.l  33".99  9.5  2n.  The  close  pair  is  prob- 
ably fixed. 


31.  J  obtains  a  smaller  distance.  32.  DM  -|-  9M357 
should  be  9°.  1257  in  J. A.  and  (4406).  Probably  fixed. 
33.  The  magnitudes  differ  in  J. A.  and  (4406).  Proba- 
bly fixed.  34.  J  has  a  much  smaller  distance.  4« 
should  be  2«  in  (4406).  3-5.  No  certain  change.  36.  Sev- 
eral prior  measures.  Probably  fixed.  37.  Fixed.  While 
searching  for  this  the  two  following  pairs  were  found :  — 


Anon    6'»  53"  17-' 

0°20' 

1913.90 

322°.4     6".24 

9.8 

10.1 

2« 

Anon    6   52      1 

6  50 

1913.13 

149  .1     2  .34 

9.4 

10.0 

4« 

-h6°.1463 


38.  This  quadrant  certainly  correct.  Fixed.  39. 
Probably  fixed.  40.  A  more  distant  13.5  mag.  star  is  in 
174°:  The  fainter  stars  were  not  mentioned  by  J.  J's 
distance  in  AB  is  much  less. 

41.  On  these  and  two  other  nights  the  companion  was 
clearly  seen,  but  it  is  rather  too  faint  for  measures  of 
accuracy.  Fully  measured  by  Burnham.  42.  Distance 
by  J  is  much  smaller.  43.  Fixed.  44-  Many  prior 
measures.  Fixed.  45.  Fixed.  46-  The  position  is 
exactly  that  of  Howe  17,  but  the  descriptions  differ.  47. 
No  change  is  indicated.  48.  An  interesting  but  difficult 
pair.     Change  is  still  not  entirely  certain.     J  makes  the 


magnitudes  practically  equal.  49-  J  reverses  the  quad- 
rant and  makes  the  distance  less.  50.  Increase  in  angle 
and  decrease  in  distance  are  clearly  indicated. 

51.  The  distance  by  J  is  much  smaller.  52.  No  cer- 
tain change  is  indicated.  53.  Probablj'  fixed.  54-  J's 
distance  is  much  less.  55.  Probably  fixed.  56.  Consid- 
erably more  difficult  than  would  be  inferred  from  the 
description.  A  decided  increase  in  angle  is  indicated. 
57.  Fixed.  58.  A  large  change.  Forms  with  a  9.5 
mag.  star  an  E.  and  W.  pair.  Id(>ntified  from  a  chart. 
Certainly  the  right  star.  59.  Fixed.  A  similar,  but 
closer  pair  was  measured  by  mistake  for  this :  — 


Anon     7'>53"'42^     6°54'     1913.13     312°.0     1".23     9.3     10.0    3n     -(-6°.1845 


60.     J's  distance  is  much  less. 

61.  No  certain  change.  The  third  star  was  not 
noticed  by  J.  62.  Increase  in  distance  is  indicated. 
63.  Change  is  not  yet  certain.  64-  J's  distance  is 
much  less.  65.  J's  distance  is  only  about  half  as  great. 
66.  Fixed.  67.  A  9.5  star  is  200"  N.  in  the  same  field. 
Probably  fixed,  though  J  gets  a  smaller  distance.  68. 
Several  prior  measures  by  J  who  always  reverses  the 
quadrant.  Fixed.  69.  Fixed.  70.  An  8.0  mag.  star 
is  200"  sp.     J  makes  the  distance  one  third  as  great. 

71.  Fixed.  72.  100"  nii  n  l)right  30"  pair.  Fixed. 
73.  Fixed.  74-  J  reverses  the  cjuadrant  of  AB  and 
calls  the  second  measure  AC.  The  distances  of  AC 
extraordinarily  discordant:  otherwise  fixed.  75.  Fixed. 
76.  The  p  star  of  a  200"  jiair.  Fixed.  *  77.  Probably 
fixed,  though  J  obtains  a  smaller  distance.  78.  Fixed. 
79.     Fixed.    80.     There  is  no  certain  change. 

81.  100",137°,  from  an  8.5  mag.  star.  Fixed.  82. 
The  third  star  has  not  before  been  measured.  AB  is 
probably  fixed.  83.  Fixed.  84.  Fixed.  .SV7.  The 
measures  are  yet  hardly  sufficient  to  show  whether  the 
faint  star  shares  in  the  known  proper  motion  of  A.  86. 
J  obtains  an  angle  6°  less  and  a  smaller  distance.  87. 
The  angle  by  J  is  less.  88.  The  W.  star  of  a  faint  pair. 
J's  estimate  does  not  agree  well  with  the  measures.     89. 


J's  distance  is  less  than  half  as  great  as  here.  A  9.0  mag. 
star  is  40"  sp.  90.  J's  distance  is  about  half  as  great  as 
here. 

91.  Fixed.  92.  This  pair  is  H  1352.  93.  Fixed. 
94.  J's  distance  is  less  than  half  of  this.  95.  J's  dis- 
tance is  less  than  half  of  this.  96.  J  makes  the  distance 
much  less.  97.  The  third  star  was  not  noticed  by  J. 
He  makes  the  distance  of  AB  less  than  half  of  that  here 
found.  98.  J's  distance  is  about  one-third  of  this.  99. 
Probably  fixed.  100.  An  examination  at  the  telescojje 
shows  that  J's  identification  is  wrong.  This  should  be 
-1°.3797,  and  not  -1°.3788.  The  latter  star  has  no 
companion.     J's  distance  is  about  half  of  that  here  found. 

101.  Fixed.  102.  This  is  Burnh.\m  55.  103.  A 
change  in  angle  of  about  10°  is  indicated.  IO4.  This  is 
Struve  2590.  105.  J's  first  distance  was  0".59,  but 
this  is  probably  an  error.  Fixed.  106.  J's  distance  is 
less  than  half  as  great.  107.  This  is  Espin  205,  but  the 
star  was  incorrectly  indetified  by  Espin.  Apparently 
fixed.  108.  Fixed.  109.  An  11.5  mag.  star  is  40"  dis- 
tant, nearly  in  the  direction  of  B.  Probably  fixed.  110. 
Angles  and  magnitudes  differ  in  ./..I.  and  (4406). 

///.  Prior  measures  of  distance  very  inconsistent. 
Probably  fixed.     112.     Fixed. 

7Vi(  Fhnvcr  Ohsrrmlnr)/,  May  M,  191,'). 
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ON    THE    SYSTEM    OF   THE    BRIGHTER   A    STARS, 

as  studied  from  spectographic  determinations  of  the  solar  velocity, 

By   C.   a.    MANEY. 


The  data  for  the  present  investigation  comprise  the 
values  of  the  radial  velocities  of  284  stars  of  type  A ; 
besides  the  212  stars  used  by  Campbell  in  his  article  of 
1912,  72  more  have  been  added.  Also,  additional  ob- 
servations for  58  out  of  the  212  stars  used  in  1912  have 
been  made  use  of.  Most  of  the  new  data  is  from  meas- 
ures, made  by  others  and  by  myself,  in  the  regular  pro- 
gram of  observations  of  the  Bruce  spectrograph  attached 
to  the  40-inch  refractor  of  the  Yerkes  Observatory, 
which  I  am  permitted  to  use  here  in  advance  of  their 
formal  publication. 

The  Solar  Motion 
Table    I    summarizes   the   investigations   of   the   solar 
motion  as  determined  from  stars  of  this  tj^je. 

TABLE   I 


Solar  Motion  from  Stars  of  Class  A. 


Stars  Used 

No.  of 

33 

177 

212 

284 


r, 


Place 


Year 


-17 
-16.8 
- 15.3 
-18.5 


Yerkes- 
Lick^ 
Lick' 
Yerkes 


1910 
1911 
1912 
1915 


-1-0.95 
-0.6 
-f-0.8 

T'o  and  K  are  quantities  in  the  well-known  equation 
Vo  cos  d  +  K  -  V  =  0 
and  are  expressed  in  kilometers. 

In  the  present  solution,  "d"  represents  the  angular 
distance  of  given  star  from  the  assumed  apex  at  a  = 
270°,  5  =  -f30°;  Vo  is  the  unknomi  value  of  the  solar 
motion;  A'  is  an  assumed  systematic  error;  and  V  is 
the  adopted  value  of  the  given  star's  radial  velocity. 
The  values  of  "d"  for  212  of  the  stars  are  taken  from 
L.  0.  B.  VII,  211,  1912.  The  values  for  the  remaining 
72  stars  were  computed  by  the  writer  and  are  included 
in  the  table  at  the  end  of  this  article.  The  formulae  used 
are  developed  and  explained  in  L.  0.  B.  VII,  214,  1912. 

Thus,  284  equations  were  formed  and  solved  by  the 
method  of  least  squares. 

The  residual  velocities  of  all  the  stars  were  computed, 
using  the  values  (as  given  in  Table  I)  of 

Fo  =  -18.5  and  A'  =  +0.8 
These  form  the  basis  for  the  following  table  showing  the 
relation  between  velocity  and  subdivisions  of  this  class 
of  stars. 

TABLE   II 

138  stars  Class  A  Avg.  numerical  velocity  10.69  km_ 

89  stars  Class  Al-Ai  Avg.  numerical  velocity  11.58  km. 

57  stars  Class  A5-A9  Avg.  numerical  velocity  12.34  km. 

284  stars  Class  40-il9  Avg.  numerical  velocity  11.30  km. 

References: 

1.  W.  W.  Campbell:  "Preliminary  Radial  Velocities  of  212 
Brighter  Class  A  Stars."     Lick  Obs,,  BuUetin  VII,  211,  1912. 

2.  E.  B.  Frost:  "Preliminary  Note  on  the  Sun's  Velocity  with 
Respect  to  the  Stars  of  Spectral  Tj-pe  A."  Read  at  the  meeting 
of  the  National  Academy  of  Sciences,  Nov.  8,  1910.  Mem.  Spetl. 
Hal.     (2)  1,  26,  1912. 


For  convenience  of  comparison,  I  have  copied  a  similar 
table*  comprising  Campbell's  results  for  212  stars. 

98  stars  Class  A  Avg.  numerical  velocity  10.27  km. 

67  stars  Class  Al-Ai  Avg.  numerical  velocity  11.38  km. 

47  stars  Class  ^5-^19  Avg.  numerical  velocity  12.58  km. 

212  stars  Class  A0-A9  Avg.  numerical  velocity  11.1    km. 

Both  tables  show  an  increase  of  velocity  with  advancing 
subdivisions,  but  the  larger  number  of  stars  indicates  a 
less  marked  relation. 

The  a  Term 

A  significant  fact  in  Table  I  is  that  three  solutions, 
involving  a  considerable  number  of  stars  in  each  case, 
give  very  different  values  for  the  assumed  error,  K. 
This  fact  alone  is  sufficient  ground  for  attributing  the 
source  of  this  error  to  other  causes  than  to  the  use  of 
incorrect  values  of  wave  lengths  affecting  all  stars  alike 
with  a  positive  or  negative  velocity.  The  writer  does 
not  propose  to  show  that  K  is  due  entirely  to  any  pref- 
erential motion,  but  that  preferential  motion  is  the  cause 
of  the  discordance  in  the  various  values  of  K. 

In  order  to  study  the  effect  of  various  solutions  upon 
the  value  of  A,  the  sky  was  divided  up  into  areas.  When 
properly  selected  areas,  each  containing  fairly  large  num- 
bers of  stars,  give  widely  different  values  of  A,  the  differ- 
ences thus  obtained  being  irrespective  of  type  subdivision, 
the  derived  values  must  be  assigned  to  preferential 
motion.  I  would  say  that  the  areas  are  properly  selected 
if  the  effect  of  individual  motion  is  practically  nullified 
and  if  the  coefficient  (cos  d)  has  a  wide  range  in  value. 
An  accurate  solution  of  the  stars  cannot  be  made  for  V,, 
and  A  when  the  stars  in  a  group  of  small  area  are  selected ; 
the  values  of  (cos  rf)  will  be  too  similar  and  the  effect  of 
errors  will  be  greatly  enhanced.  Where  the  distribution 
is  uniform,  by  selecting  diametrically  opposite  areas  of 
stars  for  use  in  solution,  the  effect  of  any  stream  motion 
of  the  stellar  system  is  lost  in  the  case  of  the  constant  A 
and  shows  itself  in  the  value  of  Fo.  Where  the  distribu- 
tion is  irregular  and  there  is  streaming,  there  will  be  a 
preponderance  of  either  positive  or  negative  stream- 
velocities  which  will  affect  the  value  of  A. 

The  considerable  difference  in  distribution  of  the  stars 
used  by  Campbell  in  1912  and  those  used  by  the  writer 
seems  ample  to  account  for  the  difference  in  the  derived 
values  of  A.  Of  the  72  stars  added  to  the  number  that 
CAMPBELL'used,  60  were  of  north  declination  and  onl.y  12 
of  south  declination;  whereas  of  Campbell's  212  stars, 
115  were  of  north  decimation  and  97  of  south  declination. 
From  these  considerations,  a  uniform  distribution  of  stars 
seems  desirable. 


3.     W.  W.  Campbell:    "Some  Peculiarities  in  the  Motions  of 
the  Stars."     L.  O.  B.  VI,  196,  1911. 

*L.O.B.  No.  211,  1912. 
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The  Milky  Way 

It  has  for  some  time  been  recognized  that  because  of 
their  distribution,  the  A  stars  are  pecuHarly  related  to 
the  gahixy.  It  seemed  desirable  to  study  this  peculiar 
relation  also  from  the  standpoint  of  the  distribution  of 
the  radial  velocities.  The  angular  distances  of  the  stars 
from  the  equator  of  the  galaxy  were  measured  on  a 
globe  and  estimated  to  the  nearest  degree.  The  stars 
were  first  divided  into  two  groups;  one  containing  the 
stars  within  twenty-four  degrees  of  the  galactic  equator, 
and  the  other  group,  the  remainder  of  the  stars  nearer 
the  poles.  There  were  142  stars  in  each  group.  The 
results  of  least-squares  solutions  for  solar  motion   are 


given  in  Table  III. 


Group 

0°  to  24° 
24°  to  90° 

TABLE 

Number  of 
Stars 
142 
142 

III 

Fo 

-21.28 
- 15.42 

K 

+  1.05 
+0.42 

0°  to  90° 


284 


-18.46 


+0.82 


The  effect  of  star  streaming  is  quite  marked. 

Subdivisions  of  groups  were  made  to  study  the  problem 
more  in  detail.  The  results  of  these  solutions  with 
related  quantities  are  included  in  Talkie  IV. 


TABLE  IV 


Group 

I 
II 

III 

IV 

V 

VI 


*One  star  was  omitted  by  mistake. 


Latitudes 

sinXi  —  sinX2 

No.  of 

Density 

Fo 

K 

Galaxy 

inclusive 

stars 

VI  = 

1.0 

Distribution 

0°to    7° 

0.139 

45 

1.6 

-18.88 

+0.23 

19                26 

8   to  13 

0.103 

50 

2.4 

-24.09 

+  1.13 

28                22 

14   to  24 

0.181 

47 

1.3 

-20.67 

+  2.07 

18                29 

25    to  34 

0.151 

46 

1.5 

- 16.87 

-0.11 

18                28 

35   to  49 

0.192 

47 

1.2 

-11.70 

-0.44 

18                 30 

50   to  90 

0.233 

48 
283* 

1.0 
1.5 

- 19.53 

+3.10 

27                 21 

leans 

0.999 

-18.62 

+  1.00 

128               156 

284 

The  area  of  the  zone  of  a  sphere  between  the  angular 
distances  Xi  and  X2  from  a  great  circle  is  given  by  the 
formula 


JX 
j^'  2  TT/-  cos  X  •  ;•  5  X  =  27r)-  (sin  Xi 


sin  X2) 


The  values  of  (sin  Xi  —  sin  X>)  are  given  in  the  third 
colunm. 

The  densities  in  column  5  are  reduced  to  the  scale  of 
VI  =  1.0. 

In  the  last  column,  stars  in  that  hemisphere  of  galactic 
coordinates  containing  the  north  celestial  pole  are  con- 
sidered of  positive  latitude. 

A  general  consideration  of  the  above  table  rev(>als  some 
striking  facts  and  relations. 

Because  of  irregularities  in  distribution  and  the  small 
number  of  stars  in  each  group,  too  much  significance 
should  not  be  attached  to  the  values  of  A'.  Witli  regular 
distiihution,  jiositive  values  would  indicate  expansion 
and  negative  values,  contraction.  By  expausion  is  meant 
a  common  systematic  radial  motion  of  the  stars  in  an 
outward  direction  away  from  the  sun,  by  contraction,  a 
like  motion  toward  the  sun. 

In  groups  I  and  VI,  the  values  of  Vo  being  near  to  its 
mean  value,  there  is  an  indication  of  an  absence  of  stream- 
ing among  stars  of  these  very  low  and  very  high  galactic 
latitudes.  From  the  small  value  of  A'  in  group  1,  the 
stars  near  the  galactic  equator  seem  to  be  free  from  radial 
stream  motion;  on  the  other  hand,  the  large  value  of  A 
in  group  VI  seems  to  indicate  expansion  in  high  galactic 
latitudes. 

The  large  value  of  V'o  in  group  II  indicates  a  large 
preferential  motion  relative  to  the  sun.     In  this  connec- 


tion, the  great  density  of  stars  in  this  region  should  not 
be  overlooked. 

The  small  value  of  T'o  in  group  V  indicates  a  systematic 
motion  nearer  the  galactic  poles  of  opposite  direction  to 
the  systematic  motion  in  group  II.  The  low  velocities 
of  the  stars  here  and  the  higher  relative  velocities  in  the 
latitudes  on  either  side,  indicate  strongly  a  relation  of 
the  sun  to  the  stars  in  this  latitude. 

An  extensive  investigation'  has  been  carried  out  by 
H.  C.  Plummer,  based  upon  the  assumption  that  the 
stars  of  class  ^4  move  in  the  i)lane  of  the  galaxy  and  hence 
have  velocities  which  arc  merely  cosine  functions  of 
galactic  latitudes.  The  values  of  Vo  in  groups  I  and  VI, 
indicate  that  this  assumption  needs  to  be  modified. 
Moreover,  upon  this  hypothesis,  since  the  stellar  veloci- 
ties in  two  latitudes  Xi  and  X2  are  ])roportional  to  thi^ 
cosines  of  tliose  latitudes,  the  cosine  of  the  latitude  divid- 
ing the  grou])  latitude  into  two  equal  areas  was  computed 
for  each  of  the  groups  from  II  to  \'.  Starting  with  the 
value  of  —24.09  km.  for  the  stars  of  group  I,  the  tlieo- 
retical  values  of  To  were  computed  and  with  the  derived 
values  are  jilaced  in  Table  \'  for  comparison. 


TABLi:    \' 

jroup 

Mean     cos  / 
Latitude 

Derived  Vo 

Theoretical 
I'o 

/>— 7 

II 

10°.5     0.98 

-24.09 

-24.09 

0.00 

III 

18  .9       .95 

20.67 

23.18 

+  2.51 

IV 

29  .3       .87 

16.87 

21.37 

4.50 

V 

41  .5       .75 

11.70 

18.36 

().66 

The  regular  ])rogre.ssioi)  in   the  last   column  is  signifi- 
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cant  and  suggests  that  the  velocities  are  more  complex 
functions  of  galactic  latitudes  and  that  this  function 
still  contains  the  cosine.     Moreover  the  formuhi 


F,  =  r„  cos  X,  +  C  (X,  -  X„) 

where  ;"  has  the  values  III,  IV,  and  V,  and  C  = 
+0.235,  and  where  X  is  in  degrees,  adapts  itself  very  well 
to  the  velocities  in  groups  II  to  V. 

In  Table  VI  the  derived  values  of   T'o  are  given,  to- 
gether with  values  of  T'o  computed  by  the  above  formula. 


TABLE 

VI 

Goup 

/■.  —  hi 

Derived 

Theoretical 

D  —  T 

II 

0.0 

-24.1 

-24.1 

0.0 

III 

8.4 

-20.7 

-21.2 

-fO.o 

IV 

18.8 

-16.9 

-17.0 

-fO.l 

V 

31.0 

-11.7 

-11.1 

-0.6 

The  agreement  is  excellent. 

Assuming  a  luiiform  distribution  of  stars  in  space,  the 
system  of  the  A  stars  has  an  approximately  lenticular 
form.  The  mean  distance  of  stars  of  larger  galactic 
latitude  is  thus  less  than  that  of  stars  of  smaller  galactic 
latitudes.  Since  (as  Table  VI  indicates)  the  velocity 
decreases  with  increase  of  galactic  latitude,  this  quantity 
varies  approximately  directly  as  the  distance. 

The  near-to-average  values  of  K  in  the  regions  of  the 
poles  and  equator  can  be  explained  by  a  scarcity  of  nearer 
stars  in  the  directions  of  the  galactic  poles  and  a  pre- 
ponderance of  nearer  stars  close  to  the  galactic  equator. 

Facts  support  these  inferences.  Wilson,  in  L.  0.  B. 
VII,  214,  1912,  discusses  the  real  motions  of  100  stars  of 
large  proper  motion  whose  radial  velocities  have  been 
determined.  Among  these  100  stars  are  7  stars  of  type 
A.  It  is  safe  to  conclude  that  these  7  stars  are  among 
the  nearest  of  the  A  stars.  Table  VII  show.s  the  dis- 
tribution of  these  stars  with  respect  to  the  Milk.y  Way. 


TABLE  VI] 

Galactic 

Star 

Mag. 

Parallax 

Galactic 
Latitude 

Latitude 
of  Apex 

6  Cassiopeiae 

4.5 

0".23 

-   7° 

4-13° 

5  Cassiopeice 

2.8 

0  .03 

-   2 

+  9 

a  Cams  Majoris 

-1.6 

0  .376 

-   8       , 

-10 

}  UrscB  Majoris 

3.1 

0  .06 

-  8 

-32 

13  Leon  is 

2.2 

0  .13 

-   5 

+  15 

(3  Leon  is 

0  .03 

a  AquilcE 

0.9 

0  .24 

-10 

+  15 

e  Cephei 

4.2 

0 

-10± 

Mean 


That  all  of  these  seven  nearer  .4  stars  should  be  within 
10  degrees  of  the  galactic  equator,  (in  fact,  within  10 
degrees  of    —5°   galactic   latitude),   and   that   the  mean 


distance  of  their  apices  from  the  galactic  equator  should 
turn  out  to  be  zero,  and  that  4  out  of  the  7  are  within 
the  latitudes  of  group  I,  is  surely  more  tlian  a  mere  coin- 
cidence. Yet  conclusions  cannot  be  final  until  the 
parallax  of  a  larger  number  of  the  brighter  A  stars  has 
been  determined. 

It  seems  advisable  to  compare  my  stellar  densities 
with  those  given  by  Lewis  Boss  in  his  classical  j^aper 
in  the  Astronnmical  Journal  26,  187,  1911.  This  article 
has  "to  do  with  the  discussion  of  stars  down  to  H.R.P. 
6'". 5  and  only  a  part  of  the  stars  down  to  that  magnitude 
when  they  are  fainter  than  H.R.P.  5'". 7.  His  "Table 
IV  shows  an  enumeration  of  these  stars  arranged  by 
types  and  in  galactic  zones  20°  broad.  After  the  zones 
+  10°  to  —10°,  the  others  contain  one-half  the  sum  of 
the  two  corresponding  zones,  +10°  to  +30°  and  -10° 
to  —30°,  and  so  on."  In  his  Table  V  he  gives  the  rela- 
tive areal  densities  in  percentages. 

The  284  stars  used  in  this  paper  are  distributed  as 
indicated  in  the  third  column  of  Table  VIII.  The  num- 
bers of  stars  in  column  four  correspond  to  Boss's  plan  of 
enumeration  of  his  A  stars  in  column  five,  and  the  per- 
centages in  column  six  correspond  to  those  of  Boss  in 
column  seven. 


TABLE 

VIII 

Zone 

Limits 

No.  of 
Stars 

No. 
M 

No. 
B 

Percentage 
M             B 

I 

+ 10°  to  - 

-10° 

72 

72 

422 

100          100 

II 

±10   to  ±30 

93 

46 

310 

73          78 

III 

30   to 

50 

73 

36 

170 

66           53 

IV 

50    to 

70 

43 

22 

100 

60           47 

V 

70   to 

90 

3 

284 

(2) 
178 

32 
1034 

(13)         44 

A  comparison  of  the  densities  in  Tables  IV  and  VIII  is 
suggestive  of  the  necessity  of  a  more  extensive  investi- 
gation of  the  distribution  of  stars  in  the  galaxy.  From 
the  standpoint  of  my  work,  the  densities  in  zones  I  and 
II  of  Table  VIII  agree  as  nearly  as  can  be  expected  to 
those  of  Boss. 

At  most  this  investigation  is  preliminary.  The  amount 
of  profitable  work  that  can  be  done  along  the  lines  pur- 
sued and  suggested  in  this  article  seems  almost  without 
limit. 

Table  IX  contains  the  data  for  the  above  discussion. 
The  magnitudes  and  spectral  classifications  in  columns 
four  and  five  respectiveh',  are  those  of  Harvard.  In 
column  six,  X  represents  the  star's  angular  distance  from 
the  assumed  solar  apex  a  =  270°,  5  =  +30°.  In  column 
seven,  v'  is  the  star's  residual  velocitj'  as  determined  from 
the  first  general  solution  involving  284  equations.  In 
the  last  column  is  given  the  star's  approximate 
galactic  latitude. 

In  conclusion  I  wish  to  thank  Professor  Frost  for 
valuable  suggestions  in  the  preparation  of  this  manuscript 
and  for  placing  the  unpublished  data  at  my  disposal. 
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TABLE  IX 


Star 

1900 
a                      5 

Mag. 

Spec. 

X 

V 

v' 

Gal. 
Lat. 

a  AndromedcE 

0''3°'.2 

+28°  32 

2.2 

^0 

77° 

- 13.0 

-   9.6 

-32 

e  AndmmedtB 

11.9 

+38    8 

4.4 

^0 

74 

+  6.2 

+  10.5 

-24 

B.D.  43"  92' 

22.9 

+43  50 

5.2 

A2 

73 

+  2.0 

+  6.5 

-17 

ii3»  Tucance 

27.0 

-63  31 

4.5 

A2 

120 

+  12.0 

+  2.1 

—  55 

A.G.C.  467 

28.1 

-63  35 

5.2 

A2 

120 

+  9.0 

-   1.0 

—  55 

B  Tucance 

29.2 

-71  49 

6.1 

A5 

120 

+  4.0 

-  6.2 

-47 

r\  Phanicis 

38.8 

-58     1 

4.5 

AQ 

120 

-11.0 

-21.1 

-58 

jj.  Andromedce 

51.2 

+37  57 

3.9 

A2 

81 

+  8.0 

+  10.1 

-23 

V  Phanicis 

1     3.2 

-42     1 

5.2 

A3 

121 

-  6.0 

-16.2 

—  77 

6  Cassiopeice 

.5.0 

+54  37 

4.5 

A5 

74 

+  12.0 

+  16.2 

—    7 

82g  Piscium 

1     5.6 

+30  54 

5.0 

A5 

87 

+  6.0 

+  6.1 

-30 

V  Piscium 

14.0 

+26  44 

4.7 

A2 

91 

+  10.0 

+  8.8 

-34 

5  Cassiopeice 

19.3 

+59  43 

2.8 

Ah 

74 

+  7.0 

+  11.5 

_   2 

43  Cassiopeice 

34.9 

+67  32 

5.5 

AQp 

71 

+  8.0 

+  13.3 

+  6 

Qi  Eridani 

42.3 

-54     1 

5.1 

.40 

128 

+  8.0 

-  4.1 

-62 

7  Arietis 

48.0 

+  18  49 

4.8 

^Op 

102 

-   1.2 

-  5.9 

-40 

/3  Arietis 

49.1 

+20  19 

2.7 

Ah 

101 

-   1.0 

-  5.5 

-39 

X  Arietis 

52.4 

+23     7 

4.8 

Ah 

100 

+  1.1 

-  3.0 

-36 

48  Cassiopeice 

53.8 

+  70  25 

4.6 

A2 

70 

-  4.0 

+  1.4 

+  9 

50  Cassiopeice 

54.9 

+  71  56 

4.1 

.40 

70 

-  9.0 

-  3.4 

+  11 

a  Pisciimi 

1  56.9 

+  2  17 

4.3 

A2p 

114 

+  10.0 

+  1.8 

-56 

V  Fornacis 

2    0.0 

-29  47 

4.7 

A^p 

129 

+20.0 

+  7.7 

-79 

\2k  Arietis 

1.0 

+22  10 

5.1 

^0 

102 

+  12.0 

+  7.2 

-36 

58  Andromedce 

2.4 

+37  23 

4.8 

^4 

93 

+  9.0 

+  7.3 

-21 

/3  Triauguli 

3.6 

+34  31 

3.1 

Ah 

95 

-  2.0 

-  4.3 

-25 

97  Triangidi 

11.4 

+33  23 

4.1 

^0 

97 

+34.0 

+31.0 

-18 

62c  Andromedce 

12.8 

+46  55 

5.1 

^0 

88 

-32.0 

-32.0 

-12 

9i  Persei 

15.4 

+  55  23 

5.2 

A2 

82 

-  9.0 

-  7.3 

—  5 

i  Cassiopeice 

20.8 

+66  57 

4.6 

Ah 

75 

+  2.0 

+  6.1 

+  6 

&  Ceii 

22.8 

+  8     1 

4.3 

40 

116 

+  8.0 

-  0.8 

-46 

tp  Fornacis 

2  23.8 

-34  16 

5.2 

A2 

135 

+21.0 

+  7.2 

-67 

867  Ceti 

38.1 

+  2  49 

3.6 

A^ 

122 

+  3.0 

-  7.5 

-48 

M  Ceti 

39.5 

-  9  42 

4.4 

Ah 

118 

+26.0 

+  16.6 

-42 

RZ  Cassiopeice 

39.9 

+69  13 

var6.5 

ilO 

74 

-38.3 

-34.1 

+  9 

A.G.C.  2919 

40.1 

-32  57 

6.1 

40 

138 

+  11.0 

-  3.5 

-64 

i"  //i/rfrt 

44.0 

-68    3 

4.9 

.42 

133 

+  4.0 

-  9.3 

-46 

21  Persei 

51.2 

+31  32 

5.2 

.40/j 

,      104 

+  14.0 

+  8.8 

-23 

48«  Arietis 

53.5 

+20  56 

4.6 

A2 

111 

-   7.0 

-14.3 

-30 

di  Eridani 

54.5 

-40  42 

4.4 

A2 

141 

+20.0 

+  4.8 

-60 

/3  Horologii 

56.9 

-64  28 

• 

5.1 

Ah 

135 

+25.0 

+  11.0 

-49 

37  //ei'.  Cass. 

3     1.1 

+74     1 

4.9 

A2 

72 

+   5.0 

+  10.0 

+  14 

J"  ^4rie/is 

9.2 

+20  40 

5.0 

40 

115 

+  19.0 

+  10.4 

-28 

+  30°  512Pe(sei 

9.2 

+30  11 

5.5 

42 

107 

+  2.0 

-  4.3 

-13 

V  Eridani 

25.6 

-  5  25 

4.8 

40 

136 

+  9.0 

-  5.1 

-44 

+70°  257  Camelop 

38.8 

+70  34 

5.4 

40 

76 

+25.0 

+28.6 

+  12 

5  //et'.  Camelop 

39.8 

+71     1 

4.7 

40 

76 

-12.0 

-  8.3 

+  13 

T-  Eridani 

43.4 

-24  11 

5.0 

42 

149 

+  21.0 

+  4.3 

-50 

V  Tauri 

57.8 

+  5  43 

3.9 

40 

134 

-  4.0 

-17.6 

-31 

41  Taiiri 

4    0.5 

+27  20 

5.3 

4  Op 

116 

0.0 

-  8.9 

-16 

b  Persei 

10.7 

+50    3 

4.6 

42 

96 

+  23.1 

+  20.2 

+   1 

w  Tauri 

4  11.4 

+  20  20 

4.8 

45 

123 

+  18.0 

+  7.0 

-20 

56  Tauri 

13.7 

+  21  32 

5.3 

4  Op 

122 

+  14.0 

+  3.3 

-18 
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Star 

(1900) 
a                     S 

Mag. 

Spec. 

X 

V 

v' 

Gal. 
Lat. 

A.G.C.  4858 

4''16">.3 

-20°  52' 

5.3 

.40 

1.55° 

-   9.0 

-26.6 

-40 

63  Tauri 

17.7 

+  16  33 

5.7 

A2 

127 

+36.5 

+  24.5 

-20 

K  Tauri 

19.4 

+  22     4 

4.4 

A3 

123 

+39.0 

+28.2 

-17 

68  Tauri 

19.7 

+  17  42 

4.2 

.40 

127 

+36.4 

+24.6 

-19 

di  Tauri 

23.0 

+  15  39 

3.6 

A5 

129 

+42.9 

+30.5 

-20 

88  Tauri 

30.2 

+  9  57 

4.4 

A2 

135 

+29.4 

+  15.6 

-22 

a  Doradus 

31.8 

-55  15 

3.5 

AOp 

150 

+  26.0 

+  9.1 

-41 

K  Doradus 

42.9 

-59  55 

5.4 

A  5 

147 

-18.0 

-34.4 

-38 

7  Camelop 

4  49.3 

+53  35 

4.4 

A2 

95 

-   8.9 

-11.3 

+  2 

i  Tauri 

57.1 

+21  27 

4.7 

.45 

126 

+43.0 

-31.2 

-10 

11  Orio?iis 

58.9 

+  15  16 

4.6 

.40 

132 

+  14.0 

+  0.7 

-13 

^  Eridani 

5     2.9 

-  5  13 

2.9 

A2 

152 

-   8.0 

-25.1 

-26 

n  Leoporis 

8.4 

-16  19 

3.3 

AOp 

162 

+  29.0 

+  10.6 

-27 

+33°  1008  Auriga 

12.4 

+  33  39 

5.4 

AOp 

115 

+32.0 

+  23.3 

00 

19  Auriga' 

13.4 

+33  51 

5.2 

A  5 

115 

0.0 

-  8.7 

00 

A.G.C.  6141 

16.2 

-21  20 

4.7 

AO 

167 

+31.5 

+  12.7 

-28 

6i  Orionis 

30.4 

-  5  27 

6.8 

AO 

154 

+  19.0 

+  1.5 

-18 

130  Tauri 

41.6 

+  17  41 

5.5 

.40 

132 

+  13.0 

-   0.2 

-  3 

1  Aurigce 

5  46.5 

+  55  41 

4.9 

A2 

94 

-13.6 

- 1.5.8 

+  16 

|3  Aurigce 

52.2 

+44  56 

2.1 

AOp 

105 

-18.1 

-23.7 

+  11 

A.G.C.  7034 

52.6 

-52  39 

5.3 

.45 

157 

+  27.0 

+  9.1 

-36 

6  Aurigw 

52.9 

+37  12 

2.7 

AOp 

113 

+31.0 

+23.0 

+  8 

;u  Orionis 

56.9 

+  9  39 

4.2 

A2 

140 

+41.0 

+  26.0 

-   5 

2  Lijncis 

6  10.8 

+  59     3 

4.4 

AO 

91 

-   4.0 

-  5.1 

+21 

8  Monocerotis 

18.5 

+  4  39 

4.5 

.45 

145 

+  21.0 

+  5.0 

-    1 

13  Monocerotis 

27.5 

+   7  24 

4.5 

AO 

142 

+  13.0 

-   2.4 

+   1 

^2  Canis  Major. 

30.9 

-22  53 

4.5 

AO 

170 

+36.0 

+  17.0 

-13 

7  Geminorum 

31.9 

+  16  29 

1.9 

.40 

133 

-11.0 

-24.4 

+  6 

N  Carince 

6  32.8 

-52  53 

4.4 

AO 

156 

+  25.0 

+  7.3 

-23 

26  Geminorum 

36.6 

+  17  45 

5.1 

AO 

131 

+34.0 

+  21.0 

+  8 

a  Canis  Major. 

40.7 

-16  35 

1.6 

AO 

164 

-   7.4 

-26.0 

-  8 

36d  Geminorum 

45.6 

+21  53 

5.2 

^0 

127 

+43.0 

+31.1 

+  11 

6  Geminorum 

46.2 

+34   -5 

3.6 

.42 

115 

+  18.0 

+  9.4 

+  17 

A.G.C.  8984 

7     2.4 

-56  36 

5.3 

^0 

151 

+  33.0 

+  16.0 

-20 

L]  Puppis 

10.2 

-45    0 

5.0 

AOp 

160 

+  3.5 

-14.6 

-24 

X  Geminorum 

12.3 

+  16  43 

3.6 

A2 

130 

-   9.0 

-21.7 

-44 

21  Lyncis 

19.2 

+49  25 

4.4 

AO 

99 

+  25.8 

+  22.2 

-12 

5ri  Can.  Minor. 

22.7 

+  7     9 

5.3 

.45 

138 

+  16.0 

+   1.5 

-53 

p  Geminorum 

7  22.7 

+31  59 

4.2 

.45 

115 

-  4.0 

-12.6 

-29 

64  Geminorum 

23.1 

+28  19 

5.0 

A2 

118 

+  32.0 

+  22.4 

-33 

A.G.C.  9632 

25.6 

-22  49 

4.8 

.437? 

160 

+37.1 

+  19.0 

-13 

a  Geminorum 

28.2 

+32    6 

2.8 

AO 

114 

+  2.6 

-  5.9 

-29 

T  Puppis 

39.8 

-28  43 

4.2 

A2p 

158 

+  28.0 

-lo.o 

-13 

if  Geminorum 

47.4 

+  27     1 

5.0 

A2 

117 

-22.0 

-31.3 

-32 

85  Geminorum 

49.8 

+  20     9 

5.4 

AO 

123 

+  26.0 

+  15.0 

-38 

A.G.C.  10482 

53.7 

-30     4 

4.8 

A2 

155 

+  28.5 

+  10.9 

00 

A.G.C.  10913 

8    8.0 

-42  41 

4.9 

A3 

152 

+  19.3 

+  2.2 

-  4 

q' Puppis 

14.8 

-36  21 

4.4 

A5 

151 

+  8.0 

-   9.0 

00 

30  Monocerotis 

8    20.7 

-  3  35 

4.0 

AO 

138 

+  14.0 

-  0.5 

+  19 

2A    Ursce  Majoris 

25.7 

+65  29 

5.4 

AO 

80 

-12.0 

-   9.7 

+  5 

e  Velorum 

34.2 

-42  38 

4.1 

.45 

147 

+  21.2 

+  4.9 

00 

y  Cancri 

37.5 

+  21  50 

4.7 

.40 

116 

+  29.0 

+  20.2 

-31 

a  Velorum 

42.6 

-45  40 

4.1 

AO 

145 

+  24.2 

+  8.3 

-    1 

p  Hydros 

43.1 

+  6  13 

4.4 

AO 

127 

+  14.0 

+  2.1 

-44 

5    Pyxidis 

51.3 

-27  18 

4.9 

AO 

143 

+  2.0 

-13.5 

+  12 
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Star 

(1900) 
a                        S 

Mag. 

Spec. 

X 

V 

1      Gal. 
[      Lat. 

0  Cancri 

8''51-.7 

+  15°  42' 

5.2 

A3 

118° 

0.0 

-  9.6 

-34 

i  Ursce  Majoris 

52.4 

+48  26 

3.1 

A5 

93 

+  14.0 

+  12.4 

-  8 

a  Cancri 

53.0 

+  12  15 

4.3 

A5 

121 

-14.0 

-24.2 

-37 

V  Cancri 

8  56.9 

+24  51 

5.4 

AO 

111 

-12.0 

- 19.3 

-27 

a  Volantis 

9    0.9 

-66    0 

4.2 

A5 

135 

+  6.0 

-  7.8 

-13 

f  Ursce  Major. 

1.9 

+  52     0 

4.5 

ASp 

89 

-   1.1 

-   1.5 

-   4 

e  Ursce  Major. 

9.0 

+54  26 

4.9 

Ao 

86 

-19.0 

-18.6 

-    1 

/3  Carince 

12.1 

-69  18 

1.8 

AO 

132 

-16.0 

-29.2 

-14 

38  Lyncis 

12.6 

+37  14 

3.8 

AO 

99 

+  4.0 

+  0.3 

+46 

T2  Hydrce 

26.9 

-  0  44 

4.5 

A3 

123 

+  8.0 

-  2.8 

+34 

if>  Ursce  Major. 

45.4 

+  54  32 

4.5 

A2 

83 

-12.0 

-10.4 

+49 

V2  Hydrce 

10    0.3 

-12  35 

4.7 

AO 

122 

+25.0 

+  14.4   ■ 

+33 

77  Leonis 

1.9 

+  17  15 

3.6 

AOp 

105 

+  1.8 

-  3.8 

+  .52 

15  Sextantis 

10    2.9 

+  0     7 

4.5 

AO 

115 

+  7.0 

+   1.6 

+  42 

q  Velorum 

10.5 

-41  38 

4.1 

A2 

129 

+  12.0 

-  0.5 

+  12 

X  Ursce  Major. 

11.1 

+43  25 

3.5 

AO 

87 

+  18.0 

+  18.2 

+57 

22t  Sextantis 

12.7 

-  7  34 

5.4 

AO 

117 

+  14.0 

+  4.8 

+39 

A.G.  Chris.  1608 

16.9 

+66    4 

4.9 

AO 

72 

-   2.7 

+  2.1 

+46 

30  Leo.  Minor. 

20.2 

+34  18 

4.8 

A5 

91 

+  14.0 

+  12.8 

+61 

K  Carina; 

27.8 

-71  29 

4.9 

A2 

126 

+  8.8 

-  2.8 

-12 

o>  Ursce  Maj. 

48.2 

+43  43 

4.8 

AO 

81 

-18.4 

-16.4 

+   1 

i  Velorum 

55.5 

-41  41 

4.6 

A2 

121 

-  6.0 

-16.3 

+  16 

c  Leonis 

55.6 

+  6  38 

5.1 

A5 

100 

-16.0 

-20.1 

-18 

/3  Urs.  Maj. 

10  55.8 

+56  55 

2.4 

AO 

73 

-12.0 

-  7.5 

+  10 

b  Leonis 

57.0 

+20  43 

4.4 

AO 

92 

-10.0 

-11.6 

-10 

A.G.C.  15269 

11     4.4 

-61  24 

5.4 

AO 

123 

-25.0 

-35.8 

00 

0  Crateris 

6.7 

-22  17 

4.5 

A2 

112 

+  6.0 

-   1.7 

+35 

8  Leonis 

8.8 

+21     4 

2.6 

A  2 

90 

-18.0 

-18.8 

-  8 

6  Leonis 

9.0 

+  15  59 

3.4 

AO 

93 

+  7.0 

+  5.3 

-10 

775  Leonis 

16.0 

+  6  35 

4.1 

AO 

96 

-  8.0 

-10.8 

-14 

7  Crateris 

19.9 

-17     8 

4.1 

A5 

107 

+  8.0 

+  1.8 

+41 

02  Centauri 

27.1 

-58  58 

5.3 

A2p 

120 

-16.8 

-26.7 

+   1 

A.G.C.  15901 

33.5 

-61  16 

5.3 

AO 

119 

+  5.0 

-  4.8 

00 

X  Muscce 

11  40.9 

-66  10 

3.8 

A5 

119 

+  17.0 

+  7.2 

—  5 

/3  Leonis 

44.0 

+  15    8 

2.2 

A2 

86 

+  2.0 

+  2.5 

-  5 

y   Urs.  Maj. 

48.6 

+  54  15 

2.5 

AO 

68 

-10.0 

-  3.8 

+  15 

67  Urs.  Maj.    . 

57.0 

+43  36 

5.1 

A3 

70 

+  11.0 

+  16.4 

+  12 

5  Ursce  Maj. 

12  10.5 

+57  35 

3.4 

A2 

64 

-11.0 

-  3.6 

+20 

6  Comce  Berenices 

10.0 

+  15  28 

5.1 

A2 

80 

+  5.0 

+  7.4 

+   1 

■q  Virginis 

14.8 

-  0    7 

4.0 

AO 

87 

+  2.2 

+  2.4 

-  5 

14  CcrmcE  Ber. 

21.4 

+27  49 

5.2 

A5 

72 

-   4.0 

+  0.8 

+  9 

16  Comce  Ber. 

•  22.0 

+27  23 

5.0 

A2 

72 

+  5.0 

+  9.8 

+  10 

17  Comce  Ber. 

23.9 

+  26  28 

5.4 

A  Op 

72 

0.0 

+  4.8 

+  10 

74  Ursa  Major. 

12  25.3 

+  58  57 

5.4 

A5 

61 

+  6.0 

+  14.0 

+22 

23  Comce  Ber. 

29.9 

+23  11 

4.8 

AO 

73 

-20.0 

-15.2 

+  9 

7  Centauri 

36.0 

-48  25 

2.4 

AO 

106 

-  9.0 

-15.1 

+  14 

n  Centauri 

47.9 

-39  38 

4.3 

A5 

100 

-   1.0 

-  5.1 

+  22 

I  Ursce  Major. 

49.6 

+56  30 

1.7 

A  Op 

59 

-10.0 

+   1.2 

+61 

as  Can.  Ven. 

51.4 

+38  52 

2.9 

A  Op 

62 

-    1.0 

+  6.8 

+  79 

9  Virginis 

13    4.8 

-  5    0 

4.4 

AO 

79 

+  0.6 

+  3.4 

+55 

20  Can.  Ven. 

13.1 

+41     6 

4.7 

A  5 

58 

+  9.5 

+  18.6 

+  75 

21  Can.  Ven. 

14.0 

+  50  12 

5.1 

AO 

56 

-  5.0 

+  4.6 

+  67 

i  Centauri 

15.0 

-36  11 

2.9 

A2 

94 

+  2.0 

-  0.1 

+  25 

f  Ursce  Major. 

13  19.9 

+55  27 

2.4 

A  Op 

55 

-  7.0 

+  2.9 

+63 

g  Ursce  Major. 

21.2 

+  55  30 

4.0 

A  5 

54 

-12.0 

-  2.0 

+  61 
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Star 

(1900) 
o                    6 

Mag. 

Spec. 

X 

V 

v' 

Gal. 
Lat. 

K  Centauri 

13"23"\3 

-.50°  39' 

5.3 

^0 

101° 

-26.0 

-304 

+  10 

0  Virginis 

29.1 

+  4  10 

4.9 

AQp 

69 

-   6.0 

-  0.1 

+64 

79  Virginis 

29.6 

-   0     5 

3.4 

A2 

71 

-  7.0 

-   1.7 

+  60 

24  Can.  Yen. 

30.4 

+49  32 

4.6 

43 

53 

-19.0 

+  8.8 

+66 

25  Ccm.  Yen. 

33.0 

+36  48 

4.9 

AQ 

55 

-  6.0 

+  3.8 

+  72 

Lai.  25224 

34.6 

+  11  15 

5.5 

Ai 

64 

-23.0 

-15.7 

+69 

T  Yirginis 

56.6 

+  22 

4.3 

A2 

64 

-10.0 

-  2.7 

+58 

a  Draconis 

14     1.7 

+  64  51 

3.6 

AO 

50 

-16.7 

-  5.7 

+50 

■q  Apodis 

14     5.7 

-80  32 

5.1 

Al 

115 

-  8.0 

-16.6 

-19 

K  Bootis 

9.9 

+52  16 

4.6 

A5 

47 

-19.0 

-   7.2 

+61 

i  Bootis 

12.6 

+51  50 

4.8 

A5 

47 

-18.0 

-  6.1 

+61 

19X  Bootis 

12.6 

+46  33 

4.3 

AQ 

46 

-13.0 

-   1.0 

+  63 

X  Yirgitiis 

13.7 

-12  55 

4.6 

A  2 

69 

-  6.0 

-  0.3 

+44 

22/  Bootis 

21.8 

+  19  41 

5.4 

A  5 

50 

-29.0 

-17.9 

+66 

A.G.C.  19597 

23.7 

-49     4 

5.5 

.42 

93 

+  9.0 

+  7.4 

+  9 

TV  Bootis 

36.0 

+  16  51 

4.9 

AO 

48 

+  1.0 

+  12.5 

+61 

f  Bootis 

36.4 

+  14     9 

4.4 

A2 

49 

-  8.0 

+  3.3 

+60 

7fi  Lihrce 

43.8 

-13  44 

5.4 

.40 

64 

0.0 

+  7.2 

+38 

16  LibrcB 

14  52.0 

-  3  56 

4.6 

A2 

56 

+20.0 

+29.5 

+45 

5  Li'6r<B 

55.6 

-  8     7 

4.8 

.40 

58 

-45.0 

-36.1 

+41 

c  Bootis 

15     2.9 

+25  16 

5.0 

Ah 

39 

-  4.0 

+  9.5 

+58 

i  Libra 

6.5 

-19  25 

4.7 

.40/) 

65 

-17.0 

-  9.9 

+31 

/3  Circini 

9.6 

-58  26 

4.2 

AZ 

95 

+  10.2 

+  7.7 

-   2 

X  Bootis 

10.3 

+29  32 

5.3 

AO 

37 

-18.0 

-  3.9 

+57 

V  Lupi 

18.2 

+39  22 

5.4 

AO 

79 

-  9.0 

-  6.2 

+  13 

IX  Bootis 

20.7 

+37  44 

4.5 

43 

34 

-  8.0 

+  6.6 

+55 

y  Ursa  Min. 

20.9 

+  72  11 

3.1 

A2 

47 

-12.0 

-   0.2 

+40 

a  Cor.  Bor. 

30.5 

+  27     3 

2.3 

AO 

33 

+  0.4 

+  15.1 

+  52 

28/3  Serpentis 

15  41.6 

+  15  44 

3.7 

A2 

35 

+  3.0 

+  174 

+47 

32m  Serpentis 

44.4 

-  3     7 

3.6 

AO 

46 

-11.0 

+   1.0 

+31 

i  Serpentis 

45.8 

+  4  47 

3.8 

AO 

40 

-10.0 

+  3.3 

+40 

53  HercuUs 

49.2 

+31  52 

5.4 

AO 

15 

-18.0 

-  0.9 

+49 

5  Norma 

59.5 

-44  54 

4.8 

A?,v 

80 

-16.0 

- 13.5 

+  5 

ip  HercuUs 

16     5.6 

+45  12 

4.3 

AO 

27 

-14.0 

+   1.7 

+45 

TJ/  Scorpii 

6.6 

-  9  48 

4.9 

A2 

48 

-  8.9 

-   2.6 

+28 

d  Scorpii 

12.1 

-28  22 

4.9 

AO 

64 

-11.4 

-  4.0 

+  13 

0  Scorpii 

14.6 

-23  56 

4.8 

43 

60 

-  8.0 

+  0.6 

+  16 

CO  Hercidis 

20.8 

+  14  16 

4.5 

AOp 

28 

-  7.0 

+  8.6 

+37 

V  Ophiuchi 

16  22.4 

-  8    9 

4.7 

42 

45 

-28.0 

-15.7 

+26 

45  Hercidis 

42.8 

+  5  25 

5.3 

AOp 

31 

-14.0 

+  1.1 

+29 

52  HercuUs 

46.3 

+46  10 

4.9 

A2p 

22 

-  2.0 

+  144 

+39 

t  Hercidis 

56.5 

+31     4 

3.9 

40 

14 

-24.0 

-  6.8 

+34 

60  HercuUs 

17     0.7 

+  12  53 

4.9 

43 

22 

-   4.0 

+  124 

+28 

c  Hercidis 

4.5 

+36     4 

5.4 

40 

13 

-28.0 

-10.8 

+33 

Tf  Ophiuchi 

4.6 

-15  36 

2.6 

40 

48 

0.0 

+  11.7 

+  13 

e  HercuUs 

14.2 

+37  24 

4.8 

40 

12 

-   4.0 

+  13.3 

+32 

V  Serpentis 

15.2 

-12  45 

4.4 

40 

44 

+  8.0 

+  20.5 

+  11 

+25°  3246  Here. 

16.1 

+25  38 

5.3 

42 

11 

-12.0 

+  5.4 

+28 

p  Hercidis 

17  20.2 

+37  14 

4.5 

40 

11 

-18.0 

-  0.6 

+31 

TT  Ara 

29.0 

-54  26 

5.3 

40 

85 

- 13.0 

-12.1 

-13 

vi  Draconis 

30.2 

+55  15 

5.0 

45 

26 

-14.0 

+  1.8 

+32 

25d-  Draconis 

30.3 

+55  14 

5.0 

45 

26 

-12.0 

+  3.8 

+32 

f  Serpentis 

31.9 

-15  20 

3.6 

45 

46 

-42.8 

-30.7 

+  8 

0  Serpentis 

35.8 

-12  49 

4.4 

42 

43 

-33.0 

-20.3 

+  8 

i-2  Scorpii 

43.1 

-40     4 

4.9 

A2p 

70 

-18.0 

-12.5 

-   2 
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Star 

(1900) 
a                      5 

Mag. 

Spec. 

X 

V 

Cal. 

'                  Lat. 

95  Herculis 

18''57"'.2 

+21°36' 

5.1 

.40 

8° 

-27.0 

-  9.5 

+  19 

TV  Pavonis 

58.9 

-63  40 

4.4 

.45 

94 

-19.6 

-21.6 

-20 

72  Ophiuchi 

18     2.6 

+  9  33 

3.7 

.42 

20 

-24.0 

-  7.5 

+  12 

103o  Herculis 

18    3.6 

+28  45 

3.8 

AO 

1 

-27.0 

-  9.3 

+  20 

236  Ursw  Min. 

4.5 

+86  37 

4.4 

.40 

57 

0.0 

+  9.4 

+27 

6  Sagittarii 

17.5 

-34  26 

2.0 

.40 

65 

-11.0 

-  3.9 

-11 

a  Lyra 

33.6 

+38  41 

0.1 

.40 

11 

-13.0 

+  4.3 

+  17 

A.G.C.  25500 

35.6 

-64  58 

4.9 

A2 

95 

-   1.0 

-  3.5 

-24 

46c  Draconis 

40.7 

+  55  26 

5.1 

.40 

26 

-35.0 

-19.2 

+  23 

e  Serpentis 

51.2 

+  44 

4.5 

.45 

29 

-48.0 

-32.6 

00 

^1  Sagittarii 

51.4 

-20  47 

5.1 

AO 

52 

+  3.1 

+  13.6 

-12 

y  Lynv 

55.2 

+32  33 

3.3 

.40 

12 

-20.0 

-  2.7 

+  12 

f  Sagittarii 

56.3 

-30     1 

2.7 

A2 

62 

+  22.0 

+30.0 

-17 

17^  Aquilo' 

19    0.8 

+  13  43 

3.0 

AO 

21 

-27.0 

- 10.6 

+  2 

28 A  Aqidlcc 

15.0 

+  12  11 

5.4 

AO 

25 

+   6.0 

+  22.0 

+  11 

IT  Draconis 

20.2 

+  65  31 

4.6 

A2 

38 

-27.5 

- 13.6 

+28 

V  Aquilw 

21.4 

+  09 

4.9 

.48 

36 

-   1.0 

+  13.2 

-10 

A.G.C.  27100 

42.2 

-59  26 

5.5 

.42 

92 

+  6.0 

+  4.6 

-32 

a  Aquilw 

45.9 

+  8  36 

0.9 

.45 

93 

-33.0 

-18.2 

-10 

A.C;.C.  27237 

48.7 

-59  10 

5.4 

.40 

92 

-  0.1 

-    1.5 

-.32 

e  Pavonis 

49.0 

-73  10 

4.1 

AO 

105 

0.0 

—   5.5 

-32 

13  VulpeculcB 

49.2 

+  23  50 

4.5 

.40 

25 

-28.0 

- 12.0 

-  2 

61s;  Aqutl(B 

51.5 

+  11     9 

5.3 

.42 

32 

-42.0 

-27.1 

-10 

62  Sagittarii 

19  53.3 

-34  58 

5.3 

.43 

70 

-16.0 

- 10.5 

-30 

15  Vulpeculoe 

57.5 

+27  29 

4.7 

.45 

26 

-21.0 

-  5.1 

-  3 

6  Aquilce 

20    6.1 

-   1     7 

3.4 

.40 

43 

-28.0 

-15.3 

-20 

bs  Cygni 

10.8 

+  36  30 

5.0 

.40 

28 

-18.0 

-25.0 

00 

V  Capricorni 

15.1 

-13     4 

4.8 

AO 

54 

-   1.3 

+  8.8 

-27 

j'  Delphi ni 

30.6 

+  14  20 

4.7 

AO 

38 

-22.0 

-  8.2 

-17 

29  Vulpeculoe 

34.1 

+20  51 

4.8 

.40 

36 

-14.0 

+  0.2 

-13 

(3  Pavonis 

36.0 

-88  34 

3.6 

.45 

101 

+  9.4 

+   5.1 

-37 

a  Cxjgni 

38.0 

+  44  55 

1.3 

.42 

34 

-   4.0 

+  10.5 

+  3 

b  Delphini 

38.8 

+  14  43 

4.5 

.42 

40 

+  10.0 

+23.5 

-19 

i  Microscopii 

20  41.7 

-44  22 

5.1 

.45 

83 

-19.0 

-17.5 

-40 

i  Aquarii 

42.3 

-   9  52 

3.8 

.40 

56 

-16.0 

-  6.4 

-32 

n  Capricorni 

.58.7 

-20  15 

4.9 

.43 

66 

+  26.0 

+32.7 

-39 

6  Capricorni 

21     0.3 

-17  38 

4.2 

.40 

64 

-31.0 

-23.8 

-39 

e  Microscopii 

11.9 

-32  35 

4.8 

.40 

77 

+  5.0 

+  8.3 

-46 

e  Indi 

12.7 

-53  52 

4.6 

.45 

94 

-14.0 

- 16.0 

-45 

67o-  Cygni 

13.5 

+  38  59 

4.3 

.40/j 

40 

-   3.0 

+  10.3 

-  7 

61  Mia-oscopii 

14.4 

-41   14 

4.9 

A2p 

84 

+  5.0 

+  6.1 

-47 

5a  Cephei 

16.2 

H-62  10 

2.6 

A  5 

45 

-   8.0 

+  4.3 

+  9 

10/3  £'9«M/e/ 

17.9 

+  6  23 

5.1 

.10 

52 

-  9.0 

+   1.6 

-31 

Brad.  2792 

21  21.7 

+46  17 

5.5 

.42 

42 

+    1.0 

+  13.9 

-  3 

f  A^iwr/Y 

32.4 

-  8  18 

4.8 

.45 

64 

-20.0 

-12.6 

-42 

r  Pzsccs  i4tts<r. 

39.0 

-33  29 

4.4 

.40 

82 

+  6.0 

+  7.8 

-52 

V  Cephei 

42.6 

+60  40 

4.5 

A2p 

48 

-21.0 

-  9.3 

+  6 

14  Pegasi 

45.4 

+29  43 

5.0 

.10 

48 

-22.0 

-10.5 

-18 

7  Gruis 

47.9 

-37  50 

3.2 

.111 

86 

-  3.0 

-  2.6 

-53 

T)  Pisces  Aiistr. 

55.1 

-28  56 

5.4 

.10 

81 

- 10.0 

-  8.0 

-54 

32  Aquarii 

59.6 

-   1  23 

5.2 

.12 

65 

+23.0 

+30.0 

-45 

1  Cephei 

22    0.9 

+64    8 

4.4 

.48 

50 

-  4.5 

+  6.5 

+  7 

A.G.C.  30290 

4.1 

-34  31 

5.5 

.45 

86 

-30.0 

-29.7 

-48 

X  Pisces  .Ausfr. 

22     8.6 

-28  16 

5.4 

.10 

83 

-    1.3 

+  0.1 

-57 

e  Cephei 

11.:! 

.56  33 

4.2 

Ao 

51 

-  0.2 

+  10.7 

00 
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TABLE   IX  — 

Continued 

Star 

(1900) 

a                      8 

Mag. 

Spec. 

X 

V 

v' 

Gal. 
Lat. 

j3  Pisces  Austr. 

22'>25».9 

-32°  52' 

4.4 

AO 

89° 

+  8.0 

+  7.6 

-61 

29(7  Cephei 

29.0 

+  78  19 

5.5 

Ad 

56 

+  7.0 

+  16.5 

+  17 

9  Lacertce 

33.2 

+  51     1 

4.8 

A?, 

54 

+  12.0 

+22.1 

-   6 

0  Pegasi 

37.0 

+  28  48 

4.8 

AO 

59 

+  8.7 

+  17.3 

-25 

7  Pisces  A  ustr. 

47.0 

-33  24 

4.5 

Ad 

93 

+  18.0 

+  16.3 

-66 

8  Aquaru 

49.3 

-16  21 

3.5 

A2 

84 

+  22.0 

+  23.3 

-63 

p  Pegasi 

50.2 

+  18  17 

5.0 

AO 

71 

-10.0 

-   4.7 

—  45 

a  Pisces  Austr. 

52.1 

-30    9 

1.3 

^3 

92 

+  6.7 

+   5.3 

-67 

T  Pegasi 

23  15.7 

+  23  12 

4.6 

45 

70 

-22.0 

-16.3 

-34 

K  Pisciian 

21.8 

+  0  42 

4.9 

A2 

81 

0.0 

+  2.0 

-55 

I  Phwnicis 

29.7 

-43  10 

4.8 

A2p 

105 

+26.0 

+20.4 

-69 

X  Piscium 

36.9 

+   1   14 

4.6 

A5 

84 

8.1 

+  9.1 

-57 

Yerkes  Ohservatory,  August,  1915. 


OBSERVATIONS    OF    ASTEROIDS, 


MADE    WITH    THE    PHOTOGRAPHIC   TELESCOPE    AT   THE    U.  S.    N.AVAL   OB.SERVATORY, 

By  GEORGE   H.   PETERS. 
[Communicated  by  Captain  J.  A.  Hoogewerff,  U.  S.  Navy,  Superintendent.] 


Name 

1        Mag. 

Date 

G.  M.  T. 

a 

8 

191-i 

1 

1              1914.0 

1914.0 

(696)  Leonora 

11.8 

Oct.    19 

14  46.5 

h      m         s 

0  42  11.5 

O                   t             Jl 

+27  31  26 

(367)  Amiatia 

12.6 

Oct.    19 

16  42.2 

2  12  26.0 

8  54  19 

(731)  [1912  OQ] 

12.3 

Oct.    19 

16  42.2 

2  10     8.5 

7  55  58 

(367)  Amicitia 

12.6 

Oct.    21 

16  40.0 

2  10  23.0 

8  44  51 

(731)  [19U  OQ] 

12.3 

Oct.   21 

16  40.0 

2     8  18.2 

7  53  58 

(361)  Bononia 

12.5 

Oct.   22 

16  35.0 

2  35  49.9 

21  48  31 

(595)  Pohjxena 

12.2 

Oct.   22 

16  35.0 

2  43  51.1 

23  28     1 

(709)  [1911   LK] 

12.0 

Oct.   27 

16  23.0 

3     1  54.3 

42  38  34 

(709)  [1911  LK] 

12.0 

Nov.    6 

14     8.8 

2  52  17.3 

42  29  42 

(619)   Triberga 

11.8 

Nov.    9 

17     3.0 

3  15  44.2 

2  35  26 

(551)  Ortritd 

12.2 

Nov.  17 

16  47.0 

3     8     6.0 

18  17  54 

(126)  Velleda 

11.2 

Nov.  17 

16  47.0 

3     5  11.0 

19  58    8 

(712)  Bobvtana 

10.5 

Nov.  17 

16  47.0 

3  17  20.2 

17  13  28 

(161)  AtJior 

11.2 

Nov.  19 

16  47.1 

4     7  21.5 

31  32  50 

(382)  Dodona 

13.0 

Nov.  19 

16  47.1 

4     1  48.6 

30  37  59 

Asteroid 

14.0 

Nov.  21 

16     5.0 

3  15     7.9 

23  16  37 

(762)    1913   SQ] 

11.4 

Dec.  21 

13  16.5 

3  58  52.7 

36  17  28 

(769)    1913  TA] 

13.6 

Dec.  22 

14  42.0 

5     7  13.2 

+29  31  16 

191.5 

191.5.0 

191.5.0 

(769)  [1913  TA] 

13.6 

Jan.     5 

14  22.0 

4  56  23.3 

+29  19  57 

(536)  Meravi 

12.1 

Jan.      8 

15  38.7 

9  18  46.2 

40     5  52 

(769)  [1913  TA] 

13.6 

Jan.      9 

13  29.4 

4  53  51.6 

29  15  37 

(536)  Merapi 

12.1 

Jan.    10 

16    3.9 

9  17  24.5 

40  20  14 

(764)  [1913  SU] 

12.8 

Jan.    15 

15  57.0 

7     6    0.4 

15  16  12 

(536)  Merapi 

12.1 

Feb.     8 

14    3.1 

8  52  36.1 

42  42  35 

(536)  Merapi 

12.1 

Feb.   10 

13  14.0 

8  50  52.4 

42  .46  45 

■     (766)  [1913  SW] 

12.6 

Feb.   10 

14  39.0 

8  22  20.0 

33     6  27 

(536)  Merapi 

12.1 

Feb.  17 

13  39.0 

8  44  57.0 

42  55  26 

(766)  [1913  SW] 

12.6 

Feb.   17 

15  10.8 

8  16  38.4 

32  54  39 

Asteroid* 

13.0 

Feb.   18 

17  10.0 

9  57  48.6 

9     6  34 

(773)  [1913  TV] 

12.7 

Feb.   18 

17  10.0 

10     2  11.0 

8  51  10 

(191)  Kolga 

12.3 

Feb.   18 

17  10.0 

10     2  36.4 

8  44  49 

62 


THE    ASTRONOMICAL    JOURNAL 


N"'-  679-680 


OBSERVATIONS   OF 

ASTEROIDS 

—  Continued 

Name 

Mag. 

Date 

G.M.T. 

a 

S 

1914 

1914.0 

h         m 

h        m        8 

0           '            If 

(270)  Anahita 

11.8 

Feb.   18 

17  10.0 

10     6  53.4 

7  36     1 

(260)  Huberta 

12.6 

Feb.   18 

17  10.0 

10     4     5.4 

9    4  11 

Asteroid* 

13.0 

Feb.   19 

16  39.1 

9  56  55.6 

9     9  12 

(773)   [1913  TV] 

12.7 

Feb.   19 

16  39.1 

10     1  13.1 

8  51  39 

(191)  Kolga 

12.3 

Feb.   19 

16  39.1 

10     1  51.0 

8  52  20 

(270)  Anahita 

11.8 

Feb.   19 

16  39.1 

10     5  51.8 

7  41  27 

(260)  Hxiherta 

12.6 

Feb.   19 

16  39.1 

10    3  25.9 

9    8  53 

(733)  [1912  PF] 

12.8 

Feb.  21 

16  51.0 

9  59  25.3 

20  57  25 

(733)  [1912  PF] 

12.8 

Mar.    9 

14     6.0 

9  45  20.2 

20  30  13 

Asteroid* 

13.0 

Mar.    9 

15  43.5 

9  41  59.3 

9  54  11 

(773)  [1913  TV] 

12.7 

Mar.    9 

15  43.5 

9  44  36.3 

8  .59  17 

(270)  Anahita 

11.8 

Mar.    9 

15  43.5 

9  48  13.6 

9  19  41 

(494)   Virtus 

12.2 

Mar.  13 

16  11.0 

10  55  22.5 

16  23  40 

(234)  Barbara 

12.9 

Mar.  13 

16  11.0 

10  53  24.3 

15  21  29 

(128)  Nemesis 

11.1 

Mar.  13 

16  11.0 

10  50  51.2 

17  17  12 

(530)  Turandot 

13.2 

Mar.  14 

17  48.0 

11  33  11.9 

11     3  38 

(530)  Turandot 

13.2 

Mar.  17 

15  51.0 

11  31  11.1 

11   19  38 

(494)  FiV^i/.s 

12.2 

Mar.  17 

14  27.0 

10  52  12.8 

16  33  45 

(234)  Barbara 

12.9 

Mar.  17 

14  27.0 

10  50     5.8 

15  53  49 

(128)  Nemesis 

11.1 

Mar.  17 

14  27.0 

10  47  43.3 

+  17  31  35 

(779)    75i4  t/5] 

12.2 

Mar.  21 

17  23.0 

12  34  45 

-26  53.9 

(779)  [LW4  (7B] 

12.2 

Mar.  23 

17  16.0 

12  32  58 

-26  49.5 

*  Observations  of  an  unidentified  asteroid. 

The  accompanying  observations  of  asteroid  positions 
were  made  with  the  photographic  telescope  of  the  U.  S. 
Naval  Observatory.  The  photographic  equipment  con- 
sists of  a  pair  of  triple  combinations  of  10  inches  aperture 
and  about  113  inches  focal  length,  practically  on  the  plan 
of  the  Cook  stellar  lens.  They  were  constructed  of  Jena 
glass  at  this  observatory,  by  the  writer,  from  computa- 
tions by  Mr.  E.  D.  Tillyer.  While  the  optical  surfaces 
are  quite  perfect,  and  fine  stellar  images  are  obtained,  the 
collimation  of  the  different  components  to  secure  good 
definition  over  the  entire  field  gave  considerable  trouble, 
but  was  finally  satisfactorily  accomplished.  The  photo- 
graphic plates  employed  are  8  in.  l)y  10  in.  (203  by  254 
mm.)  giving  a  field  of  20  minutes  in  right  ascension  and 
4  degrees  in  declination. 

The  method  of  exposure  is  to  follow  on  the  computed 
motion  of  the  moving  object  with  the  micrometer  of  the 
9.6-inch  visual  telescope,  guiding  on  a  convenient  star. 

The  plates  were  measured  on  the  Stackpole  measuring 
engine,  and  in  case  of  asteroids  in  high  declinations  com- 
parison stars  of  nearly  the  same  right  ascension  were 
selected  to  avoid  plate  curvature  errors.  In  most  of  the 
observations  two  or  more  pairs  of  comparison  stars  have 
been  employed,  and  the  means  of  the  resulting  positions 
l)ublished.  On  several  of  the  plates  asteroids  were  photo- 
graphed which  have  not  been  identified.  On  the  plate  of 
Oct.  22,  1914,  (361)  Bononia,  12.5  magnitude,  is  shown,  as 
well  as  another  which  was  thought  to  be  (595)  Polyxena, 


12.2  magnitude.  From  the  published  results  of  Dr.  Wolf 
(595)  should  be  near  (361)  but  is  not  found.  On  Dec.  21, 
1914,  while  photographing  for  (659)  Nestor,  a  14th  mag- 
nitude asteroid  was  observed  in  the  position  given.  A 
second  jjlate  was  not  obtained  as  no  other  clear  night 
was  available.  Nestor  could  not  be  found  although  locat- 
ed near  the  edge  of  this  plate,  according  to  Wolf's 
observation.  On  the  plates  of  Feb.  18,  19,  and  March 
9,  1915,  an  asteroid  was  observed  which  has  not  been 
identified. 

In  a  letter  dated  August  18,  last,  Dr.  Cohn,  Director 
of  the  Royal  Astronomical  Computing  Bureau  of  Berlin 
sends  the  following  notes  regarding  the  above  observa- 
tions : 

(1)  709  (1911  L  K).  The  right  ascensions  of  the  two 
observations  of  October  27  and  November  6  do  not  quite 
correspond.  Since  the  latter  observation  is  confirmed  by 
Heidelberg,  it  mu.st  be  that  the  right  ascension  of  Octo- 
ber 27  is  in  error. 

(2)  In  the  place  of  (551)  Ortriid,  of  November  17, 
(384)  Burdigala  is  to  be  read. 

(3)  Whether  (595)  Polyxena,  October  22,  is  correctly 
identified,  is  still  not  quite  certain.  However,  it  is  possi- 
ble that  Wolf's  oliservation  is  to  be  identified  as  some- 
thing else.  We  are  keeping  the  matter  under  ol)servation, 
and  as  soon  as  the  calculations  are  finished  will  com- 
municate regariling  it. 

(4)  The  object  of  November  21  is  new.  According 
to  the  ob.servation  of  Tiiiele  at  Bergedorf  (see  circular 
55),  and  according  to  the  (■()lienieris  in  tiie  Astronomischc 
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Nachrichten  No.  4765  must  Nestor  have  been  at  about 
3i>  22^  .4  right  ascension  and  +23°  35'  declination. 

(5)     The  object  of  February  18,  19,  March  9  is  new. 

The  observation  referred  to  in  (1),  of  October  27,  has 
been  rereduced.  The  corrected  position  of  709  (1911  LK) 
for  that  date  is 


Greenwich  M.  T..  October  27,  16''  23'°.0,  1914.0, 
a  =  3h  03"  4^5        5  =  +42°  38'  48" 

With  regard  to  (3)  a  second  communication  from  Dr- 
CoHN  states  that  the  Washington  observation .  is  prob- 
ably correct. 


OBSERVATIONS  OF  COMET  1913f  (Delavan) 

MADE    WITH    THE    FILAR   MICKOMETER    OF   THE    433MM    EQUATORIAL    OF    LA    PLATA    OBSERVATORY. 

By  P.  T.  DELAVAN. 


1915 

La  Plata 

* 

Comp. 

#- 

-  * 

^  's  .Apparent 

Log  p'A 

M.T. 

Aa 

A5 

a 

5 

for  a 

for  5 

b       m       8 

s 

'               ff 

h 

m 

s 

0        '           ir 

Feb.   18 

15  42  36 

2 

10,10 

+  3.93 

-4     6.5 

17 

41 

53.97 

-26  28  33.9 

9.6748« 

0.4694/1 

20 

14  42  29 

3 

10,10 

-   2.95 

-6  18.6 

17 

43 

23.72 

-27     5     5.9 

9.7186n 

0.5588/1 

22 

15  49  49 

5 

10,10 

+  13.00 

+3  51.0 

17 

44 

.52.24 

-27  43  21.1 

9.6580rt 

0.4 133  « 

27 

16  35  13 

6 

10,10 

-  9.86 

+3  54.4 

17 

48 

5.08 

-29  18  20.7 

9..5613/1 

0.2325// 

27 

16  58    4 

7 

10,10 

-19.59 

+3  .32.0 

17 

48 

5.49 

-29  18  40.2 

9.5062n 

0.1722/1 

Mar.    1 

14  49  42 

8 

10,10 

+  11.41 

-4  57.8 

17 

49 

9.27 

-29  55  16.1 

9.7048n 

0.4564n 

4 

13  49  23 

10 

10,10 

-   1.72 

-0  57.8 

17 

50 

37.30 

-30  52     2.9 

9.8131?) 

0.5534/1 

8 

16    4     5 

12 

10,10 

+  4.84 

-3  13.2 

17 

52 

15.68 

-.32  11  55.0 

9.5701n 

0.1206« 

10 

14     8  21 

13 

10,10 

+  3.10 

+4  22.1 

17 

52 

52.24 

-32  49  42.3 

9.7263n 

0.4402/i, 

10 

14  26  13 

13 

10,10 

+  3.34 

+4    7.0 

17 

52 

52.48 

-32  49  57.4 

9.710171 

0.3907// 

14 

14  21  25 

15 

10,10 

-15.64 

-3  15.4 

17 

53 

46.32 

-34     9  50.5 

9.7098W 

0.3469/1 

15 

14  10  44 

17 

10,10 

-    1.12 

+  5     2.9 

17 

53 

59.51 

-34  28  52.9 

9.7184/1 

0.3622/1 

.    17 

15     3  19 

19 

10,10 

- 14.85 

+  5  49.7 

17 

54 

6.49 

-35  10  30.9 

9.6415/1 

0.1166/1 

18 

14  31     1 

20 

10,10 

-21.36 

+  7  32.2 

17 

54 

9.08 

-35  31     5.6 

9.6855n 

0.2221/1 

19 

13  40  44 

23 

10,10 

-  4.92 

-2  30.3 

17 

54 

9.54 

-35  50  55.5 

9.7372/1 

0.3780/1 

19 

14     3  45 

22 

10,10 

-27.60 

+4  44.0 

17 

54 

9.51 

-35  51  14.4 

9.7158n 

0.3028/1 

22 

15  55  40 

24 

10,10 

+  28.63 

+  1     6.2 

17 

53 

57.03 

-36  54  49.3 

9.4789/1 

9.3886/1 

23 

14  33  34 

25 

10,10 

-21.10 

+  1  29.2 

17 

53 

49.31 

-37  14  23.9 

9.6659« 

0.0705/1 

25 

13  37  28 

26 

10,10 

-  6.66 

-2  .53.9 

17 

53 

25.99 

-37  55  22.9 

9.7307/i 

0.2668// 

25 

14  45  45 

27 

10,10 

+36.87 

+  1  33.1 

17 

53 

25.29 

-37  56  23.6 

9.6315/1 

9.8933/1 

27 

13  49  31 

28 

10,10 

-28.37 

-3  36.5 

17 

52 

52.44 

-38  37  33.2 

9.7098n 

0.1484/1 

All  observations  of  A"  have  been  made  by  direct  micrometer  measures. 


Mean  Places  of  Comparison  Stars 


* 

a  1915.0 

Red.  to 
App.  PI. 

d  1915.0 

Red.  to 
App.  PI. 

Authority 

h         m           8 

3 

O              '              ff 

// 

1 

17  42  16.24 

+0.60 

-26  18  54.3 

-7.3 

Washington  Catalogue  of  23521  Stars,  15402. 

2 

17  41  49.42 

+0.62 

-26  24  20.2 

-7.2 

Connected  with  Star  1. 

3 

17  43  26.00 

+0.67 

-26  58  40.3 

-7.0 

Argelander  Southern  Zones  17227. 

4 

17  42  12.56 

+0.73 

-27  47  58.4 

-6.7 

Boss'  Preliminary  General  Catalogue  4493. 

5 

17  44  38.52 

+0.72 

-27  47     5.4 

-6.7 

Connected  with  Star  4. 

6 

17  48  14.05 

+0.89 

-29  22     8.8 

-6.3 

Cordoba  Zone  Catalogue  3087. 

7 

17  48  24.19 

+0.89 

-29  22     5.9 

-6.3 

Cordoba  Zone  Catalogue  3101. 

8 

17  48  56.91 

+0.95 

-29  50  12.1 

-6.2 

Washington  Catalogue  of  23621,  Stars  1.5578. 

9 

17  48  42.72 

+  1.06 

-30  50  34.5 

-5.8 

Cordoba  Zone  Catalogue  3123. 

10 

17  50  37.97 

+  1.05 

-30  50  59.4 

-5.7 

Connected  with  Star  9. 

11 

17  51  56.96 

+  1.21 

-32     2  19.9 

-5.1 

Argentine  General  Catalogue    24359. 

12 

17  52     9.64 

+  1.20 

-32     8  36.7 

-5.1 

Connected  with  Star  11. 

13 

17  52  47.86 

+  1.28 

-32  53  59.4 

-5.0 

Cordoba  Zone  Catalogue  3388. 
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Mean  Places  of  Comparison  Stars  —  Continued. 


* 

a  191.5.0 

Red.  to 
App.  PI 

3  1915.0 

Red.  to 
App.  PI 

Authority 

14 

h       m           s 

17  55  20.25 

+  1.43 

-34  00    9.5 

-4.6 

Argentine  General  Catalogue  24453. 

15 

17  54    0.52 

+  1.44 

-34     6  30.5 

-4.6 

Connected  with  Star  14. 

16 

17  54  28.80 

+  1.48 

-34  40  55.1 

-4.4 

Argentine  General  Catalogue  24429. 

17 

17  53  59.15 

+  1.48 

-34  33  51.4 

-4.4 

Connected  with  Star  16. 

18 

17  55  30.15 

+  1.55 

-35  18  51.9 

-4.1 

Cordoba  Zone  Catalogue  3562. 

19 

17  54  19.78 

+  1.56 

-35  16  16.5 

-4.1 

Connected  with  Star  18. 

?.o 

17  54  28.84 

+  1.60 

-35  38  33.8 

-4.0 

Cordoba  Zone  Catalogue  3497. 

21 

17  54  25.86 

+  1.64 

-35  49  44.3 

-3.8 

Cordoba  Zone  Catalogue  3493. 

;     22 

17  54  35.47 

+  1.64 

—  35  55  54.6 

-3.8 

Cordoba  Zone  Catalogue  3592. 

23 

17  54  12.82 

+  1.64 

-35  48  21.4 

-3.8 

Connected  with  Star  21. 

24 

17  53  26.62 

+  1.78 

-36  55  52.1 

-3.4 

Argentine  General  Catalogue  24396. 

25 

17  54     8.59 

+  1.82 

-37  15  49.8 

-3.3 

Cordoba  Zone  Catalogue  3468. 

26 

17  53  30.74 

+  1.91 

-37  52  25.8 

-3.2 

Cordoba  Zone  Catalogue  3425. 

27 

17  52  46.50 

+  1.92 

-37  57  53.5 

-3.2 

Argentine  General  Catalogue  24378. 

28 

17  53  18.81 

+2.00 

-38  33  53.7 

-3.0 

Argentine  General  Catalogue  24391. 

La  Plata,  Argentina,  March  30,  1915. 


PROVISIONAL  ORBIT  ELEMENTS,  AND  EPHEAIERIS, 

COMET  1915a  (mellish), 
By  C.  J.  MERFIELD. 


The  appended  orbit  elements  of  this  comet  have  been 
determined  from  twelve  condition  eciuations,  the  absolute 
terms  of  which  were  formed  from  observations  between 
the  dates  1915,  Feb.  25th,  and  1915,  June  2d. 

The  results  are  as  follows: 

T  =  1915  July  17.155190  -  [6.40583]rfe.    G.M.T. 

to  =  247°  46'  25".9  +  1.033  de  } 
Q,  =    72     IQ    21   .5 +  0.139  r/e'- 1915. 
I  =    54    47    10  .4  +  0.375  de  ) 

q  =  1.0052775  +  [4.33565]  de. 
Log  q  =  0.0022860. 

e  =  1.0  +  [5.0000]  de. 

The  value  of  "de"  to  be  expressed  in  units  of  the  fifth 
decimal  place. 

The  value  of  this  cjuantity  determined  from  the  pres- 


ent calculation  is  3.5743,  therefore  the  eccentricitv 
be   1.0000357. 

Co-ordinates 

X  =  [9.7979610]  ;•  sin  (  38°  46'  16".0  +  v). 
y  =  [9.9489556]  ;•  sin  (348  24  24  .7  +  v). 
z  =  [9.9556047  [  ;•  sin  (372    35    57  .8  +  v). 


will 


1915 
Feb.  26 
Apr. 
Apr. 
Apr. 
May 
June 


12 
20 
30 
17 
1 


Residuals 

Cos  5  da 
-0^02 
+0.25 
-0.36 
+0.21 
-0.01 
-0.01 


dS 
-0".2 


+4 
+  1 
-2 
0 
+0 


METEORS, 

F.    SAWYER, 

10th.  A  few  mapped  with  sufficient  accuracy  on  the  lltii 
indicated  the  Radiant  at  45°.  +  57°.  center  of  obs(>rva- 
tion  Cassiopeia.  Sky  generally  clear;  ^  of  visible 
heavens  covered.     Very  meagre  displays  for  some  y(>ars. 


AUGUST 

By   EDWIN 

Short  watches,  aggregating  3h.  30m.  taken  on  the 
9-10-11-13  of  August  (8-12  cloudy)  between  the  hours 
10-11  P.M.,  revealed  only  19  meteors;  15  of  these  being 
recorded  on  the  11th.  Of  the  19  observed,  15  were 
Perseids,  14  being  noted  on  the  11th,  and  only  1  on  the 
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THE   MOON'S   MEAN 


LONGITUDE   AND   THE   ECLIPSE   OF   FEB.    3,  1916 

By   frank   E.   ROSS. 
[Communicatod  by  Capt.  J.  A.  Hoogewerff,  U.  S.  Navy,  Superintendent  U.  S.  Naval  Observatory.] 

The  present  paper  is  a  continuation   of  that   in  the 


Astronomical  Journal  No.  667.  In  addition  to  utiUzing 
the  best  of  the  Washington  occultations  from  Dec,  1913, 
to  March,  1915,  a  number  of  those  of  the  brighter  stars 
observed  at  Greenwich,  published  in  Monthly  Notices, 
Vol.  75,  No.  3,  was  used.  The  Washington  occultations 
up  to  1914,  June  6,  have  been  published  in  .4.  J.,  Nos. 
673-4.  Those  later  than  this  date  have  not  yet  appeared 
in  print. 

As  in  the  previous  reductions,  only  "central"  occulta- 
tions were  utilized.  Care  was  taken  in  selection,  espe- 
cially where  bright  limb  emersions  were  in  question.  In 
each  such  case,  the  time  obtained  with  the  26-inch  equa- 
torial was  exclusively  employed,  the  time  of  the 
phenomenon  secured  with  the  12-inch  telescope  being 
given  weight  zero.  For  all  dark  limb  phenomena,  the 
agreement  between  the  two  instruments  was  very  satis- 
factory. 

The   equation   for   determining  the   correction   to   the 


mean  longitude,  5M,  is 

E  ■  5M  =  s'  -  D, 

where  s'  is  the  semi-diameter  of  the  Moon,  and  D  the 
computed  distance  between  the  occulted  star  and  the 
moon's  center.  Each  occultation  therefore  gives  a  de- 
termination of  5M  of  weight  E-. 

The  tabular  Ephetneris  position  of  the  Moon  has  been 
corrected  by  a  large  number  of  terms,  whose  sum  in  the 
three  cotirdinates  is  given  in  the  fifth,  sixth  and 
seventh  columns  below,  computed  from  manuscript 
tables  in  the  possession  of  the  American  Ephemeris 
(A.  J.  667,  p.  155).  In  the  present  reduction  the  short 
period  empirical  terms  are  omitted.  The  values  of  8M 
in  the  following  tabulation  accordingly  give  the  correc- 
tion to:  pure  theory  plus  Newcomb's  long  period  em- 
pirical term.  They  are  therefore  identical  with  the 
"minor  residuals"  of  Newcomb.  The  last  column,  5i>, 
contains  the  residuals  obtained  by  substituting  in  the 
equations  of  condition  the  smooth-curve  values  of  5.1/. 


TABLE  I 
Moon's  Longitude  from  Occultations,  1913-15 


I 

Tabular  Corrections  to 

Place 

Date 

Star 

Phen. 

H.\NSEN'-Xe\VCOMB 

E 

s'-T> 

3M 

V 

3X 

"V 

Bt: 

II 

II 

II 

II 

II 

„ 

w 

1913  Dec.     5 

96  Aquarii  .... 

DD 

-h6.52 

-\-  .33 

+  .40 

-    .90 

-7.3 

+  8.1 

-1.0 

w 

12 

38  B  Aquarii  .  . 

DD 

5.83 

.57 

.44 

-   .98 

-6.3 

6.5 

+0.6 

w 

13 

406  B  Tauri .  .  . 

DB 

5.43 

.46 

.45 

-   .95 

-6.6 

7.0 

0.0 

w 

21 

i  Virginis 

DB 

4.15 

1.44 

.50 

-1.07 

-7.9 

7.4 

-0.4 

w 

21 

i  Virginis 

RD 

4.15 

1.44 

.50 

+  1.01 

+  5.1 

5.0 

-2.0 

w 

1914  Jan.      6 

H  Arietis 

'   DD 

7.62 

.65 

.41 

-   .80 

-5.7 

7.2 

-0.1 

w 

6 

lu  Arietis 

RB 

7.62 

.65 

.41 

+  .91 

+6.9 

7.6 

+0.5 

w 

■7 

16  Tauri 

DD 

7.30 

.60 

.42 

-   .70 

-6.6 

9.4 

-1.7 

w 

7 

q  Tauri 

DD 

7.30 

.60 

.42 

-   .95 

-7.8 

8.2 

-1.1 

w 

7 

20  Tauri 

DD 

7.30 

.60 

.42 

-   .83 

-7.1 

8.5 

-1.3 

w 

10 

49  A  urigw   .... 

DD 

5.75 

.36 

.45 

-   .62 

-5.3 

8.5 

-1.0 

w 

10 

49  Auriga:   .... 

RB 

5.75 

.36 

.45 

+   .62 

+2.9 

4.7 

-1.4 

w 

15 

83  Leonis 

RD 

3.41 

1.24 

.50 

+   .64 

+4.4 

6.9 

-0.1 

w 

17 

49  Virginis.  .  .  . 

RD 

3.44 

1.70 

.50 

+  .98 

+4.9 

5.0 

-1.9 

o 

Feb.     3 

e  Arietis 

DD 

8.06 

.37 

.41 

-   .91 

-7.5 

8.3 

-1.1 

w 

7 

47  Geminorum  . 

DD 

6.32 

.14 

.46 

-   .99 

-9.0 

9.1 

-2.0 

w 

11 

c  Leonis 

RD 

-1-4.19 

-hl.03 

+  .50 

+  .98 

+6.7 

+6.9 

-0.3 

(65) 
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Table  I  —  Moon's  Longitude 

FROM    OCCULT.ATION 

5,    1913-1915     {Continued.) 

1 

Tabular  Corrections  to 

1 

1 

Place 

Date 

Star 

Phen. 

Han. 

3EN-NEWC0MB                    | 

E 

s'-D 

oM 

r 

d).          1 

s? 

dz          1 

II 

u 

ff 

II 

n 

It 

w 

Mar.    3 

18  Tauri 

DD 

+8.30 

+   .14 

+  .42 

-  .91 

-8.1 

+8.9 

-1.6 

w 

9 

8  Leonis 

DD 

6.29 

+   .15 

.48 

-1.07 

-9.4 

8.8 

-1.8 

w 

14 

231  G  Virginis . 

RD 

3.97 

+  1.82 

.49 

+  1.02 

+  2.9 

2.8* 

-4.4 

w 

14 

236  G  Vh-ginis 

RD 

3.97 

+  1.82 

.49 

+  .75 

+3.1 

4.1 

-2.2 

w 

Apr.     9 

^  Virginia: 

DD 

6.12 

+  1.06    1 

.50 

-1.11 

-7.7 

6.9 

+0.3 

w 

12    1 

b  Scorpii 

RD 

4.58 

+  1.61     i 

.49    \ 

+  .85 

+  5.1 

6.0 

-1.1 

w 

12 

4  Scorpii 

DB 

4.58 

+  1.61     1 

.49 

-1.10    1 

-6.7    I 

6.1 

+  1.3 

w 

12 

b  Scorpii 

RD 

4.58 

+  1.61     1 

.49    1 

+  1.00 

+  5.5 

5.5 

-1.7 

w 

18 

5  Capricorni .  .  . 

RD 

4.01 

+  .88    1 

.43 

+  .61 

+  4.7 

7.8 

+0.3 

G 

29 

136  Tauri 

DD 

7.17 

+  .10    1 

.44 

-   .64 

-5.0 

7.8 

-0.4 

W 

Mav     1 

5  B  Cancri  .... 

DD 

7.42 

-    .20    1 

.46 

-   .82 

-7.6 

9.3 

-1.7 

G 

4 

49  Leonis 

DD 

7.65 

+   .03    1 

.49 

-1.07 

-7.6 

7.1 

+0.1 

W 

16 

42  Aquarii  .... 

RD      ' 

4.12 

-    .07    1 

.42 

+  .82 

+  6.9 

8.5 

+  1.0 

W 

17 

81  Aquarii  .... 

RD 

4.48 

-    .08    1 

.41 

+  .91 

+6.3 

7.0 

-0.2 

W 

28 

K  Geminorum   .  . 

DD 

6.82 

+   .16    1 

.45 

-   .95 

-5.0 

5.3 

+  1.8 

W 

June     6    1 

4  Scorpii 

DD 

6.74 

+  1.12    1 

.49 

-1.11 

—  7.5 

6.7 

+0.6 

W 

Julv     8 

17  Capricorni .  . 

DB 

4.97 

-   .17    1 

.45 

-1.00 

-8.5 

8.5 

-1.2 

w 

8 

17  Capricorni .  . 

RD 

4.97 

-   .17    1 

.45 

+  .98 

+7.8 

7.9 

+0.6 

w 

15 

20  W  Arietis  .  . 

DB 

5.48 

+  .10    1 

.40 

-   .79 

-7.1 

9.0 

-1.3 

w 

16  Tauri 

RD 

5.86 

+  .39    ! 

.41 

+  .84 

+  6.1 

7.3 

0.0 

w 

q  Tauri 

DB 

5.86 

+  .39    1 

.41 

-   .86 

-6.7 

7.8 

-0.5 

w 

q  Tauri 

RD 

5.86 

+  .39    1 

.41 

+  .92 

+  8.5 

9.3 

+  1.8 

w 

20  Tauri 

DB 

5.86 

+  .39    1 

.41 

-   .90 

-6.1 

6.8 

+0.5 

w 

20  Tauri 

RD 

5.86 

+   .39    1 

.41 

+  .80 

+  6.7 

8.4 

+0.8 

w 

21  Tauri 

DB 

5.86 

+  .39    1 

.41 

-   .82 

-6.5 

7.9 

-0.5 

w 

22  Tauri 

DB 

5.86 

+  .39    i 

.41 

-   .88 

-8.1 

9.3 

-1.7 

w 

Aug.     7 

X  Aquarii 

RD 

5.04 

-   .68 

.42 

+  .89 

+7.1 

8.0 

+0.6 

w 

78  Aquarii  .... 

DB 

5.04 

-   .68 

.42 

-   .95 

-8.2 

8.7 

-1.2 

w 

78  Aquarii  .... 

RD 

5.04 

-   .68 

.42 

+   .85 

+  8.2 

9.7 

+  1.9 

w 

30 

r  Sagittarii .  .  .  . 

DD 

6.89 

+  .98 

.47 

-   .99 

-6.0 

6.0 

+  1.3 

w 

30 

T  Sagittarii .  .  .  . 

RB 

6.89 

+   .98 

.47 

+  .89 

+5.3 

6.0 

-1.2 

w 

Sept.  12 

406  B  Tauri.  .  . 

DB 

4.84 

+   .04 

.42 

-   .94 

-6.9 

7.4 

0.0 

w 

12 

406  B  Tauri.  .  . 

RD 

4.84 

+   .04 

.42 

+  .86 

+  5.9 

6.9 

-0.4 

G 

Dec.     1 

17  Tauri 

DD 

5.94 

+  .58 

.40 

-   .79 

-5.4 

6.8 

+0.6 

G 

1 

19  Tauri 

DD 

5.94 

+  .58 

.40 

-   .63 

-3.5 

5.6 

+  1.3 

G 

1 

20  Tauri 

DD 

5.94 

+  .58 

.40 

-   .89 

-6.6 

7.4 

+0.2 

G 

1 

22  Tauri 

RB 

5.94 

+  .58 

.40 

+  .82 

0.0 

0.0* 

-6.2 

G 

1 

22  Tauri 

DD 

5.94 

+  .58 

.40 

-   .67 

-4.2 

6.3 

+0.9 

G 

1 

21  Tauri 

DD 

5.94 

+   .58 

.40 

-   .54 

-4.3 

7.9 

-0.2 

G 

1 

16  Tauri 

RB 

5.94 

+  .58 

.40 

+  .90 

+3.1 

3.4 

-3.8 

G 

1 

19  Tauri 

RB 

5.94 

+   ..58 

.40 

+  .78 

+4.2 

5.4 

-1.8 

G 

1 

20  Tauri 

RB 

5.94 

+  .58 

.40 

+  .90 

+  5.0 

5.6 

-1.8 

G 

1 

21  Tauri 

RB 

5.94 

i     +   .58 

.40 

+   .73 

+  3.1 

,        4.3 

-2.4 

G 

21 

e  Aquarii 

';       DD 

5.48 

1     -   .62 

.44 

-   .68 

-6.3 

i        9.3 

-1.1 

W 

23 

21  Piscium.  .  .  . 

\      DD 

i        5.82 

1     -   .64 

.42 

-   .86 

-6.9 

8.0 

-0.4 

W 

23 

21  Piscium.  .  .  . 

1      RB 

5.82 

1     -   .64 

.42 

+  .93 

+  5.7 

6.2 

-1.3 

W 

1915  Jan.      1 

A  Geminorum .  . 

'      DB 

5.05 

i     +   .70 

.43 

-   .94 

-5.7 

6.0 

+  1.5 

W 

1 

A  Geminorum  .  . 

RD 

5.05 

+  .70 

.43 

1    +  .88 

+6.2 

7.0 

-0.5 

W 

8 

75  Virginis.  .  .  . 

DB 

3.64 

+  1.14 

.50 

-   .74 

-3.2 

4.3 

+2.4 

w 

29 

9  Cancri 

DD 

5.99 

+   .52 

.44 

-   .94 

-8.2 

8.7 

-1.0 

w 

Feb.     9 

55  G  Sagittarii . 

RD 

2.72 

+   .63 

.49 

+  1.06 

+8.6 

8.1 

+  0.4 

w 

26 

ri  Cancri 

DD 

6.86 

+  .23 

.44 

—   .57 

—  5.5 

9.7 

-1.1 

w 

26 

T/  Cancri 

RB 

6.84 

+  .23 

.44 

+  .78 

+5.9 

7.6 

1     -0.1 

w 

26 

102  B  Cancri  .  . 

DD 

6.78 

+  .23 

.44 

-    .99 

-7.6 

!        7.7 

0.0 

w 

26 

e.  Cancri 

DD 

6.78 

+   .23 

.44 

-   .94 

-8.0 

1        8.5 

-o.s 

w 

Mar.  31 

75  Virginis.  .  .  . 

i      DB 

5.14 

+  .93 

.50 

-1.09 

-8.3 

1        7.6 

+0.1 

w 

31 

75  Virginis.  .  .  . 

1      RD 

+5.14 

+  .93 

+  .50 

1     + 1 .03 

1    +4.7 

1    +4.6 

-3.2 

'  Not  siibsp(iiiontly  used. 
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The  values  of  the  short  period  empirical  terms  which 
have  been  apphcd  to  the  occultations  in  ^4.  J.,  667,  are  as 
follows : 

TABLE  II 
Empirical  Short  Period  Terms 

Year 

1912.0 
1913.0 
1914.0 
1915.0 


Year 

1908.0 
1909.0 
1910.0 
1911.0 


+  2".51 
2  .76 
2  .91 
2  .99 


+3".01 
2  .91 


2   .60 


These  enable  the  results  obtainetl  there  to  be  reduced  to 
the  datum  of  the  present  paper. 

Minor  residuals,  mean  values.  —  The  values  of  dM  in 
the  above  table  have  been  combined  by  weights  into 
three  mean  values,  at  approximately  equidistant  epochs, 
the  breaks  in  the  table  showing  the  limiting  dates.  The 
results  are  exhibited  in  the  following  table,  which  includes 
a.s  well  the  results  of  the  previous  investigation  {loc. 
cit.).  Bright  limb  emersions  have  not  been  used.  The 
weight  of  dark  limb  immersions  has  been  taken  to  be 


TABLE  III 

Me.\n 

Values  of  Minor  Residuals 

lean  Epoch 

SM              Mean  Epoch 

nM 

1908.58 

+3".33            1913.22 

+6".96 

1909.46 

3  .64           1913.66 

6  .81 

1910.79 

3  .72           1914.10 

7  .29 

1911.29 

4  .49            1914.51 

7  .68 

1912.64 

5  .81            1915.08 

7   .33 

TABLE 
Minor  and  Major  Residuals 


4£'-,  of  dark  limb  emersions  and  bright  limb  immersions 
to  be  3£-,  as  in  the  previous  paper. 

The  rapid  increase  in  &M  during  1911  and  1912  is  not 
in  evidence  in  1913  and  1914.  Apparently  a  maximum 
has  been  reached  in  the  latter  year,  or  possibly  during 
1915.  This  is  a  conclusion,  however,  which  the  com- 
plete curve  of  minor  residuals  does  not  bear  out.  {See 
Diagram  ) 

The  table  of  minor  residuals,  bM .  of  the  Moon's  longi- 
tude from  1681  to  1908.  given  by  Newcomb  in  Monthly 
Notices,  Vol.  69,  p.  166,  recjuires  a  small  correction 
Ai(5.1/)  =  +0".40  sin  Q,  -  0".07  cos  9, 

due  to  an  error  in  his  transformation  of  Hansen's  node 
terra.     A  further  correction 

A.,(5iW)  =  +0".48  sin  9, 
is  necessary  to  reduce  the  node  term  from  Hill's  to 
Hayford's  ellipticity  of  the  Earth.  The  minor  residuals, 
5M,  thus  corrected  are  given  in  the  following  table,  in 
which  for  completeness  the  above  found  values  for  1908- 
15  are  included.  In  addition  the  outstanding  differences 
between  observation  and  pure  theory,  bT,  or  major 
residuals,  are  given.  These  are  obtained  from  bM  by 
adding  to  it  Newcomb's  long  period  empirical  term. 

The  diagrams  appended  were  drawn  from  the  data  in 
the  above  table.  The  tabular  values  of  bM  and  bT 
are  represented  by  dots  in  the  first  and  second  diagrams 
respectively.     Newcomb's  long  period  empirical  term  is 

IV. 


in  the  Moon's  Loncutude 


Year 

3M 

dT 

Year 

3M 

ST 

Year 

dM 

dT 

Year 

SM 

ST 

1681.0 

-0.2 

-10^8 

1852.5 

+  1.S 

« 
+4.2 

1875.5 

-2.2 

-   6.0 

1899.5 

It 

-2.3 

-12'.4 

1710.0 

+0.1 

-  3.7 

1853.5 

+  1.6 

+3.7 

1876.5 

-2.3 

-   6.9 

1900.5 

-0.8 

-11.0 

1727.0 

+0.1 

+   L2  , 

1854.5 

+2.1 

+3.9 

1878.0 

-2.4 

—   7.5 

1901.5 

-0.8 

-11.2 

1737.0 

0.0 

+  4.0  ^ 

1855.5 

+  2.6 

+4.1 

1879.5 

-1.3 

-   6.7 

1902.5 

-0.2 

-10.8 

1747.0 

-0.4 

+  6.3 

1856.5 

+  2.2 

+3.4 

1880.5 

-2.3 

-  8.0 

1903.5 

+0.5 

-10.3 

1755.0 

-0.3 

+  8.3 

1857.5 

+  2.0 

+2.9 

1881.5 

-2.5 

-  8.5 

1904.5 

+  1.3 

-   9.6 

1771.0 

+0.7 

+  12.2 

1858.5 

+  3.2 

+3.8 

1882.5 

-2.1 

-  8.3 

1905.5 

+  1.9 

-   9.2 

1784.7 

+  1.0 

+  13.8 

1859.5 

+3.3 

+3.6 

1883.5 

-2.7 

-  9.2 

1906.5 

+  1.9 

-  9.3 

1792.0 

+0.2 

+  13.2 

1860.5 

+3.1 

+3.1 

1884.5 

-2.4 

-  9.1 

1907.5 

+2.8 

-  8.6 

1801.5 

-0.6 

+  12.0 

1861.5 

+2.4 

+2.1  1 

1885.5 

-2.4 

-  9.4 

1908.3 

+3.0 

-  8.5 

1809.0 

-0.4 

+  11.6 

1862.5 

+3.0 

+2.4 

1886.5 

-2.5 

-  9.7 

1908.6 

+3.3 

-  8.2 

1813;0 

-0.6 

+  10.9 

1863.5 

+  2.3 

+  L4 

1887.5 

-2.0 

-  9.5 

1909.5 

+3.6 

-  8.0 

1821.0 

-0.2 

+  10.0 

1864.5 

+  2.4 

+  1.2 

1888.5 

-2.7 

-10.4 

1910.8 

+3.7 

-  8.1 

1822.5 

0.0 

+  9.9 

1865.5 

+  2.3 

+0.8 

1889.5 

-2.6 

-10.6  ' 

1911.3 

+4.5 

-  7.4 

1829.5 

-1.6 

+  6.9 

1866.5 

+  2.7 

+  1.0 

1890.5 

-2.5 

-10.7 

1912.6 

+5.8 

-   6.2 

1833.5 

-0.7 

+  6.8 

1867.5 

+  1.4 

-0.6 

1891.5 

-2.4 

-10.8 

1913.2 

+  7.0 

-   5.1 

1838.5 

-0.5 

+  5.8 

1868.5 

+  1.6 

-0.7 

1892.5 

-2.1 

-10.7 

1913.7 

+6.8 

-   5.3 

1843.0 

+0.2 

+  5.3 

1869.5 

+  2.3 

-0.3 

1893.5 

-2.4 

-11.2 

1914.1 

+7.3 

-   4.9 

1846.5 

+0.6 

+  4.7 

1870.5 

+  1.6 

-1.3 

1894.5 

-2.9 

-11.9 

1914.5 

+  7.7 

-   4.5 

1848.5 

+  2.0 

+  5.5  j 

1871.5 

-0.4 

-3.6 

1895.5 

-2.5 

-11.8    ': 

1915.1 

+  7.3 

-   5.0 

1849.5 

+0.5 

+  3.8 

1872.5 

-0.9 

-4.4 

1896.5 

-1.8 

-11.3 

1850.5 

+  1.6 

+  4.6 

1873.5 

-1.1 

-4.8 

1897.5 

-2.8 

-12.5 

1851.5 

+  1.6 

+  4.3  i 

1874.5 

-1.7 

-5.7 

1898.5 

-2.4 

-12.3 
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shown  as  a  broken  curve.  That  it  will  fail  to  represent 
future  observations  even  in  a  general  way  is  increasingly 
apparent  since  1910. 

Eclipse  of  1916,  Feb.  3.  —  From  the  curve  of  minor 
residuals,  8M,  a  tolerably  accurate  value  of  the  correc- 
tion to  the  predicted  mean  longitude  of  the  Moon  can  be 
extrapolated  for  the  date  of  the  eclipse  of  Feb.  3,  1916, 
which  will  furnish  a  useful  correction  to  the  predicted 
time  of  totality.     For  this  date  is  found  from  the  curve 

SM  =  +8".5 

A  correction  of  8M  =  +2". 4  has  been  applied  in  the 
computation  of  the  time  of  totality  of  the  American 
Ephemeris.  The  additional  correction  to  be  applied  to 
the  mean  longitude  adopted  in  the  American  Ephemeris 
eclipse  data  is  then  -|-6".l,  or  +0".9  in  true  longitude, 
which  transforms  to  +0=^.47  in  right  ascension.  A  cor- 
rection of  +0-.09  is  to  be  applied  to  the  Sun's  right  ascen- 
sion (see  A.  J.  6G7).     From  these  numbers  results: 

Correction  in  American  Eph.  time     .     .     —10'. 

Disc^iSsio7i  of  the  occuUations.  —  The  occultations  tabu- 
lated and  reduced  in  the  present  paper,  and  in  the  pre- 
vious one  in  A.  J.  667,  have  been  compared  with  a 
tolerably  correct  theor.y.  On  account  of  this  circum- 
stance, and  the  large  number  of  occultations  reduced,  it 
is  possible  to  make  a  comparative  study  of  the  Moon's 
longitude  separate!}'  for  the  four  classes  of  phenomena: 
dark  limb  disappearances,  dd  ;  bright  limb  disappearances, 
bd;  dark  limb  reappearances,  dr;  and  bright  limb  re- 
appearances, BR. 

All  of  the  occultations  (1908-15)  should  be  reduced  to 
one  epoch.  1912.0  was  chosen.  To  obtain  data  for  this 
reduction,  the  mean  values  of  &M  found  above  were 
plotted,  and  a  smooth  curve  drawni.  The  values  for  the 
beginning  of  each  year  from  1908  to  1915  were  read  off. 
For  the  occultations  in  A.  J.  667,  it  is  necessary  to  com- 
bine with  these  the  values  given  in  Table  II  above,  to 
withdraw  the  short  period  empirical  terms  which  had 
been  included.     The  results  are  as  follows: 

Correction  to  dM  Correction  to  oM 

(1908,  Apr.  13  —  1913,  Nov.  17)        (19i:i,  Doc,  .5«-191.5,  Mar.  :51) 

1908.0  -|-4".l  1913.0  -1".4 

1909.0  -f4  .3  1914.0  -2  .3 

1910.0  -1-4  .2  1915.0  -2  .6 

1911.0  -f3  .8 

1912.0  +3  .0 

1913.0  +\  .5 

1914.0  -1-0  .5 

The  value  of  hM  obtained  from  each  occultation  was 
corrected  from  the  numbers  in  the  above  table.  The 
corrected   values  were  collected   according  to   th<'   jilie- 


nomenon,  and  means  taken,  with  results  shown  in  the 
following  table.  In  forming  the  means  the  weight  of 
the  individual  values  of  5.1/  was  taken  as  E-. 

TABLE  \' 
Corrections  to  the   Moon's  Longitude  Given 
BY  THE  Four  Phenomena 


Phen. 

dM 

p.  e,  (0.1/)    P 

,  e 
of 

(one  occ. 
unit  wt.) 

DD 

+  5".07 

±0".ll 

±0".72 

DB 

+  5    .12' 

0  .14 

0  .73 

RD 

-1-4  .732 

0  .14 

0  .82 

RB 

+2  .92' 

0  .26 

0  .96 

1  Occ. 

of  19i:3, 

.\pr. 

29,  discarded. 

2    Occ. 

of  19U, 

Mar 

14  (231  G  Virg.)  discarded. 

3  Occ 

of  19U, 

Dec, 

1  (22  Tauri)  discarded. 

Reappearances  at  the  bright  limb.  —  Comparison  of  the 
value  of  5.1/  for  the  phenomenon  rb  with  the  others 
discloses  the  fact  that  reappearances  at  the  l)right  hinb 
are  subject  to  a  very  large  systematic  error,  they  being  ob- 
served on  the  average  four  seconds  late.  That  this  should 
be  true  for  observations  of  occultations  of  bright  stars 
with  an  instrument  as  powerful  as  the  26-inch  Washing- 
ton equatorial,  is  surprising.  Comparison  of  the  times 
of  emersions  at  the  bright  limb  of  stars  observed  with 
12-inch  and  26-inch  in  the  published  lists  reveals  the 
fact  that  the  phenomenon  is  observed  with  the  12-inch 
almost  invariably  later  by  several  seconds  than  with  the 
26-inch.  The  size  of  the  error  depends,  therefore,  upon 
the  power  of  the  telescope,  as  well  as  the  magnitude  of 
the  star.  It  does  not  appear  that  observations  of  this 
phenomenon,  even  with  a  large  telescope,  serve  anj- 
useful  end.  The  results  have  been  rejected  in  the  reduc- 
tions of  this  paper. 

Semiiliameter  of  the  Moon.  — Comparison  of  the  values 
of  6A/  in  Table  V  leads  to  a  value  of  the  "occultation 
semidiamcter''  of  the  Moon  of  considerable  weight. 
The  value  adopted  in  the  computations  is  Newcomb's 
{Researches,  II',  p.  40),  namely, 

s  =  [4.74977]  sin  tt 
(tt  =  H.\nsen's  parallax  -|-0".40) 

Comparing  5.1/  for  db  and  rd  above,  it  is  seen  that  the 
adopted  semidiameter  is  too  small  In-  0".20  ±0".10. 
The  present  series  of  occultations  accordingly  gives  for  ^■ 

s  =  [4.74988]  sin  w 
(tt  =  H.\nsen's  ])arallax  -t-0".4o) 

Apparently  the  phenomena  dd  and  dh  give  identical 
results.  The  question  of  their  agreement  is  hound  up 
with  that  of  the  true  value  of  the  lunar  i)aralla(tii'  equa- 
tion, which  will  be  discu.>sed  in  another  paper. 

NaiUical  Almanac  Office,  U.  S.  Nacal  Obs.,  Sept.  lo. 

1  .Astronomical  Papers  of  the  .{mnrican  EphrmTis,  Vol.  IX,  Part  I. 
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TABLES   FOR    PARALLAX   FACTORS   IN   LONGITUDE, 

By  J.   H.   PITMAN. 


In  the  determination  of  stellar  parallaxes,  a  great 
amount  of  time  is  used  in  comjjutiiig  parallax  factors 
when  each  is  determined  separately.  The  following 
tables  were  constructed  in  order  that  parallax  factors 
sufficiently  accurate  for  present  methods  of  investigation 
might  be  obtained  with  greater  ease.  These  tables  give 
the  parallax  factors  in  the  case  where  the  axis  of  measure- 
ment has  been  chosen  parallel  to  the  ecliptic.  The  amiual 
parallax  multiplied  by  these  factors  gives  the  shift  in 
this  direction. 

The  horizontal  argument,  O,  is  the  longitude  of  the 
Sun  at  the  date  of  observation.  The  vertical  argument 
is,  O  —  X,  or  the  longitude  of  the  Sun  minus  the  longi- 
tude of  the  star.  It  was  not  thought  necessary  to  com- 
plete the  tables  so  as  to  include  the  factors  for  160°  — 
200°  and  340°  -  20°. 

The  computation  was  made  by  means  of  the  equation 

P  =  -R  sin  (X  -  O)  =  /?  sin  (O  -  X) 


where  R  is  the  radius  vector  of  the  earth  at  the  date  of 
observation.  In  the  latter  form  the  signs  of  the  factors 
are  the  same  as  sin  (O  —  X)  or  in  other  words  P  is  posi- 
tive when  (O  —  X)  is  less  than  180°  and  negative  when 
(O  —  X)  is  greater  than  180°.  In  case  the  value  of 
(O  —  X)  is  not  given  in  the  table,  look  up  the  value  of 
the  factor  corresponding  to  (X  —  O)  and  take  the  sign 
the  same  as  for  (O  —  X). 

X  =  153°,  O  =  45°,  O  -  X  =  252°.     P  is  negative. 

This  value  of  (O  —  X)  is  not  given  in  the  table,  there- 
fore take  X  -  O  =  108°.     We  then  find  P  =  -0.960. 

The  computations  were  carried  out  to  four  decimal 
places  for  the  even  angles  from  80°  to  160°  inclusive  and 
were  checked  by  the  method  of  differences.  The  values 
of  the  factors  for  the  odd  angles  within  the  above  limits 
were  obtained  b.A-  interpolation  to  halves.  Three  decimal 
places  were  then  tabulated  and  again  checked  by  differ- 
ences.    The  values  given  are  correct  to  .001. 


Longitude  of  the  Sun. 
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.508 

.507 

.506 

.504 

.501 

150 

330 

331 

151 

.483 

.485 

.488 

.490 

.491 

.493 

.494 

.494 

.493 

.492 

.491 

.489 

.486 

151 

331 

332 

152 

.168 

.470 

.473 

.474 

.476 

.477 

.478 

.478 

.477 

.476 

.475 

.474 

.471 

152 

332 

333 

153 

.453 

.455 

.467 

.458 

.460 

.461 

.462 

.462 

.4()1 

.460 

.459 

.458 

.456 

153 

333 

334 

154 

.437 

.439 

.441 

.442 

.444 

.415 

.416 

.446 

.445 

.444 

.443 

.442 

.440 

154 

334 

335 

155 

.421 

.423 

.425 

.426 

.428 

.429 

.430 

.430 

.429 

.428 

.427 

.426 

.424 

155 

335 

336 

156 

.405 

.407 

.409 

.410 

.412 

.413 

.414 

.414 

.413 

.412 

.411 

.410 

.408 

156 

336 

337 

157 

.389 

.391 

.393 

.394 

.396 

.397 

.398 

.398 

.397 

.39() 

.395 

.394 

.392 

157 

337 

338 

158 

.373 

.375 

.377 

.378 

.380 

.381 

.381 

.381 

.381 

.380 

.379 

.378 

.376 

158 

338 

339 

159 

.357 

.359 

.360 

.362 

.363 

.364 

.364 

.364 

.364 

.363 

.362 

.361 

.3()0 

159 

339 
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Longitude  of  the  Sun    (Continued.) 

O  -X 

180° 

19.i° 

210° 

225° 

240° 

2.5.5° 

270° 

2S5° 

300° 

31.5° 

330° 

345° 

360° 

O-X 

260°  80° 

.988 

.983 

.979 

.975 

.972 

.970 

.969 

.968 

.969 

.971 

.974 

.977 

.981 

■80°  260° 

262  82 

.994 

.989 

.985 

.981 

.978 

.976 

.974 

.974 

.975 

.977 

.979 

.983 

.987 

82  262 

264  84 

.998 

.993 

.989 

.985 

.982 

.980 

.978 

.978 

.979 

.981 

.983 

.987 

.991 

84  264 

266  86 

1.001 

.996 

.992 

.988 

.985 

.983 

.981 

.981 

.982 

.984 

.986 

.990 

.994 

86  266 

268  88 

1.003 

.998 

.994 

.990 

.987 

.985 

.983 

•  .983 

.984 

.985 

.988 

.992 

.996 

88  268 

270  90 

1.003 

.999 

.994 

.991 

.987 

.985 

.984 

.983 

.984 

.986 

.989 

.992 

.996 

90  270 

271  91 

1.003 

.999 

.994 

.991 

.987 

.985 

.984 

.983 

.984 

.986 

.989 

.992 

.996 

91  271 

272  92 

1.003 

.998 

.994 

.990 

.987 

.985 

.983 

.983 

.984 

.986 

.988 

.992 

.996 

92  272 

273  93 

1.002 

.997 

.993 

.989 

.986 

.984 

.982 

.982 

.983 

.985 

.987 

.991 

.995 

93  273 

274  94 

1.001 

.996 

.992 

.988 

.985 

.983 

.981 

.981 

.982 

.984 

.986 

.990 

.994 

94  274 

275  95 

1.000 

.995 

.991 

.987 

.984 

.982 

.980 

.980 

.981 

.983 

.985 

.989 

.993 

95  275 

276  96 

.998 

.993 

.989 

.985 

.982 

.980 

.978 

.978 

.979 

.981 

.983 

.987 

.991 

96  276 

277  97 

.996 

.991 

.987 

.983 

.980 

.978 

.976 

.976 

.977 

.979 

.981 

.985 

.989 

97  277 

278  98 

.994 

.989 

.985 

.981 

.978 

.976 

.974 

.974 

.975 

.977 

.979 

.983 

.987 

98  278 

279  99 

.991 

.986 

.982 

.978 

.975 

.973 

.972 

.971 

.972 

.974 

.977 

.980 

.984 

99  279 

280  100 

.988 

.983 

.979 

.975 

.972 

.970 

.969 

.968 

.969 

.971 

.974 

.977 

.981 

100  280 

281  101 

.985 

.980 

.976 

.972 

.969 

.967 

.966 

.965 

.966 

.968 

.971 

.974 

.978 

101  281 

282  102 

.981 

.977 

.973 

.969 

.966 

.963 

.962 

.962 

.963 

.965 

.967 

.971 

.975 

102  282 

283  103 

.977 

.973 

.969 

.965 

.962 

.960 

.958 

.958 

.959 

.961 

.963 

.967 

.971 

103  283 

284  104 

.973 

.969 

.965 

.961 

.958 

.956 

.954 

.954 

.955 

.957 

.959 

.963 

.967 

104  284 

285  105 

.969 

.965 

.961 

.957 

.954 

.952 

.950 

.950 

.951 

.953 

.955 

.959 

.963 

105  285 

286  106 

.964 

.960 

.956 

.952 

.949 

.947 

.945 

.945 

.946 

.948 

.950 

.954 

.9.58 

106  286 

287  107 

.959 

.955 

.951 

.947 

.944 

.942 

.940 

.940 

.941 

.943 

.945 

.949 

.953 

107  287 

288  108 

.954 

.950 

.946 

.942 

.939 

.937 

.935 

.935 

.936 

.938 

.940 

.944 

.948 

108  288 

289  109 

.949 

.945 

.940 

.937 

.934 

.931 

.930 

.930 

.931 

.932 

.935 

.938 

.942 

109  289 

290  110 

.943 

.939 

.934 

.931 

.928 

.926 

.924 

.924 

.925 

.926 

.929 

.932 

.936 

110  290 

291  111 

.937 

.933 

.928 

.925 

.922 

.920 

.918 

.918 

.919 

.920 

.923 

.926 

.930 

111  291 

292  112 

.930 

.926 

.922 

.919 

.916 

.914 

.912 

.912 

.913 

.914 

.917 

.920 

.924 

112  292 

293  113 

.923 

.919 

.916 

.912 

.909 

.907 

.906 

.905 

.906 

.908 

.910 

.914 

.917 

113  293 

294  114 

.916 

.912 

.909 

.905 

.902 

.900 

.899 

.898 

.899 

.901 

.903 

.907 

.910 

114  294 

295  115 

.909 

.905 

.902 

.898 

.895- 

.893 

.892 

.891 

.892 

.894 

.896 

.900- 

.903 

115  295 

296  116 

.902 

.898 

.894 

.890 

.888 

.885 

.884 

.884 

.885 

.887 

.889 

.892 

.896 

116  296 

297  117 

.894 

.890 

.886 

.883 

.880 

.878 

.876 

.876 

.877 

.879 

.881 

.884 

.888 

117  297 

298  118 

.886 

.882 

.878 

.875 

.872 

.870 

.868 

.868 

.869 

.871 

.873 

.876 

.880 

118  298 

299  119 

.878 

.874 

.870 

.867 

.864 

.862 

.860 

.860 

.861 

.863 

.865 

.868 

.872 

119  299 

300  120 

.869 

.865 

.861 

.858 

.855 

.853 

.852 

.852 

.853 

.854 

.857 

.860 

.863 

120  300 

301  121 

.860 

.856 

.852 

.849 

.846 

.844 

.843 

.843 

.844 

.845 

.848 

.851 

.854 

121  301 

302  122 

.851 

.847 

.843 

.840 

.837 

.835 

.834 

.834 

.835 

.836 

.839 

.842 

.845 

122  302 

303  123 

.842 

.838 

.834 

.831 

.828 

.826 

.825 

.825 

.826 

.827 

.830 

.833 

.836 

123  303 

304  124 

.832 

.828 

.825 

.821 

.819 

.817 

.816 

.815 

.816 

.818 

.820 

.823 

.826 

124  304 

305  125 

.822 

.818 

.815 

.811 

.809 

.807 

.806 

.805 

.806 

.808 

.810 

.813 

.816 

125  305 

306  126 

.812 

.808 

.805 

.801 

.799 

.797 

.796 

.795 

.796 

.798 

.800 

.803 

.806 

126  306 

307  127 

.801 

.798 

.795 

.791 

.789 

.787 

.786 

.785 

.786 

.788 

.790 

.793 

.796 

127  307 

308  128 

.790 

.787 

.784 

.781 

.778 

.777 

.775 

.775 

.776 

.777 

.779 

.782 

.785 

128  308 

309  129 

.779 

.776 

.773 

.770 

.767 

.766 

.764 

.764 

.765 

.766 

.768 

.771 

.774 

129  309 

310  130 

.768 

.765 

.762 

.759 

.756 

.755 

.753 

.753 

.754 

.755 

.757 

.760 

.763 

130  310 

311  131 

.757 

.754 

.751 

.748 

.745 

.744 

.742 

.742 

.743 

.744 

.746 

.749 

.752 

131  311 

312  132 

.746 

.742 

.739 

.736 

.734 

.732 

.731 

.731 

.732 

.732 

.735 

.738 

.741 

132  312 

313  133 

.734 

.730 

.727 

.724 

.722 

.720 

.720 

.719 

.720 

.721 

.723 

.726 

.729 

133  313 

314  134 

.722 

.718 

.715 

.712 

.710 

.708 

.708 

.707 

.708 

.709 

.711 

.714 

.717 

134  314 
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Longitude  of  the  Sun    {Continued.) 


o-x 


195" 


210° 


•225° 


240° 


270° 


285° 


300° 


315° 


330° 


345° 


360° 


O-X 


315° 

135° 

.710 

.706 

.703 

.700 

.698 

.696 

.696 

.695 

.696 

.697 

.699 

.702 

.705 

135° 

315"^ 

31(1 

136 

.697 

.694 

.691 

.688 

.686 

.684 

.684 

.683 

.684 

.685 

.687 

.690 

.693 

136 

316 

317 

137 

.684 

.681 

.678 

.676 

.674 

.672 

.671 

.671 

.672 

.673 

.675 

.677 

.680 

137 

317 

318 

138 

.671 

.668 

.665 

.663 

.661 

.659 

.658 

.658 

.659 

.660 

.662 

.664 

.667 

138 

318 

319 

139 

.658 

.655 

.652 

.650 

.648 

.646  • 

.645 

.645 

.646 

.647 

.649 

.641 

.6.54 

139 

319 

320 

140 

.645 

.642 

.639 

.637 

.635 

.633 

.632 

.632 

.633 

.634 

.636 

.638 

.641 

140 

320 

?;?A 

141 

.632 

.629 

.626 

.623 

.622 

.620 

.619 

.619 

.620 

.621 

.623 

.625 

.628 

141 

321 

3^2 

142 

.618 

.615 

.612 

.610 

.608 

.607 

.606 

.606 

.606 

.607 

.609 

.611 

.614 

142 

322 

3'>3 

143 

.604 

.601 

.598 

.596 

.594 

.593 

.592 

.592 

.592 

..593 

.595 

.597 

.600 

143 

323 

324 

144 

.590 

.587 

.584  ■ 

.582 

.580 

.579 

.578 

.578 

.578 

..579 

.581 

.583 

.586 

144 

324 

325 

145 

.576 

.573 

.570 

..568 

.566 

.565 

.564 

.504 

.564 

.565 

.567 

.569 

.572 

145 

325 

32fi 

146 

.561 

.559 

.556 

.554 

.552 

.551 

.550 

.550 

.550 

.551 

.553 

.555 

.558 

146 

326 

3'?7 

147 

.546 

.544 

..542 

.540 

.538 

.537 

.536 

.536 

.536 

.537 

..539 

.541 

.543 

147 

327 

328 

148 

.531 

.529 

.527 

.525 

.524 

.522 

.522 

.522 

.522 

.523 

.524 

.526 

.528 

148 

328 

329 

149 

.516 

.514 

.512 

.510 

.509 

.507 

.507 

.507 

.507 

.408 

.509 

.511 

.513 

149 

329 

330 

150 

.501 

.499 

.497 

.495 

.494 

.492 

.492 

.492 

.492 

.493 

.494 

.496 

.498 

150 

330 

331 

151 

.486 

.484 

.482 

.480 

.479 

.477 

.477 

.477 

.477 

.478 

.479 

.481 

.483 

151 

331 

332 

152 

.471 

.469 

.467 

.465 

.464 

.462 

.462 

.462 

.462 

.463 

.464 

.466 

.468 

152 

332 

333 

153 

.456 

.454 

.452 

.450 

.449 

.447 

.447 

.447 

.447 

.448 

.449 

.451 

.453 

153 

333 

334 

154 

.440 

.438 

.436 

.435 

.434 

.432 

.432 

.432 

.432 

.433 

.434 

.436 

.437 

154 

334 

335 

155 

.424 

.422 

.420 

.419 

.418 

.417 

.416 

.416 

.417 

.417 

.418 

.420 

.421 

155 

335 

330 

156 

.408 

.406 

.404 

.403 

.402 

.401 

.400 

.400 

.401 

.401 

.402 

.404 

.405 

156 

336 

337 

157 

.392 

.390 

.388 

.387 

.386 

.385 

.384 

.384 

.385 

.385 

.386 

.388 

.389 

157 

337 

338 

158 

.376 

.374 

.372 

.371 

.370 

.369 

.368 

.368 

.369 

.369 

.370 

.372 

.373 

158 

338 

339 

159 

.360 

.358 

.356 

.355 

.354 

.353 

.352 

.352 

.353 

.353 

.354 

.356 

.357 

159 

339 

Sproul  Observatory,  Sept.  .9, 

Wlo. 

OBSERVATIONS   OF  THE   CONDENSATIONS  NEAR  THE   NUCLEUS 

OF   COMET   1915  a,  {MELLish), 

these  observations  both  the  visual  and  photographic  meas- 
ures agree  in  showing  a  progressive  motion  of  the  con- 


POSITIONS   OF   THE    CONDENSATIONS    MEASURED    ON     PHOTOGRAPHS 

OF  THE  Comet  Obtained  with  the  40-inch  Reflector 
OF  the  Lott'ELL  Observatory, 

By  C.  O.  Lampland. 


1915 
Gr.  M.T. 

May  20  20M6"'' 
May  21  21    23 


P.A. 

-  (Ci  +  C2) 


290° 


Distance 
nuc.  —  C\        nuc. 


29" 
32 


48" 
52 


For  the  outermost  condensation  the  visual  and  photo- 
graphic observations  (see  Mr.  Slipher's  measures  below) 
may  not  refer  to  precisely  the  .same  point.*  This  conden- 
sation appears  on  the  photographs  as  an  elongated  mass, 
with  its  greatest  length  in  the  direction  of  the  line  to  the 
nucleus,  and  involved  in  its  nebulosity  there  are  appar- 
ently several  small  condensations.  In  the  measurements 
of  the  photographs  settings  were  made  near  the  middle 
point  of  the  ma.ss.  During  the  short  interval  covered  by 
Lowell  Obstrvatory,  Flagstaff,  .\ri:'^•l'l.  Vfoi/  '7,  l91o. 


densations  away  from  the  nucleus. 

Measures  of  the  CoNDENs.'i.TioNs  ne.ar  thk  Comet's  Nucleus, 

with  the  24-inch  refractor  and  filah  micrometer, 

By.  E.  C.  Slipher. 


1915 
Gr.  M.T. 

P.A. 

DiST.ANCB 

May 

Ci 

c. 

c, 

c. 

c. 

c, 

21  21'>40"' 

290°.  1 

53'.8 

22  22  30 

294° 

290  .1 

33'.1 

57'.6 

23  21  551 

294  .6 

36  .8 

23  22  10  )- 
23  22  18  J 

290  .0 

63  .4 

290°.9 

53'. 

23  22  45 1 

37  .3 

23  22  55  [ 

53  .31 

23  23  5j 

63  .7 

CON  T  E  N  1  S . 

The  Moon's  Mean  Longitude  and  the  Eclipse  of  Feb.  3,  1916,  by  Fr.\nk  E.  Ross. 

Tables  for  Parall.ax  Factors  in  Longitude,  by  J.  H.  Pitman. 

Observations  of  the  Conden.sations  near  the  Nucleus  of  Comet  1915  a  (Melush),  By  C.  O.  Lampland  and  E.  C.  Slipher. 
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OBSERVATIONS   OF   THE   SIXTH   SATELLITE   OF  JUPITER, 

By  E.  E.  BARNARD. 


The  following  observations  of  Perrine's  sixth  satellite 
of  Jupiter  have  been  made  with  the  large  telescope.  Under 
fair  conditions  the  satellite  is  an  extremely  easy  object 
and  can  be  measured  with  much  accuracy.  The  following 
table  contains  the  estimates  of  its  brightness,  which  were 
made  during  the  observations  for  position. 


Estimates  of  Brightnej 
1915  Oct.      5     13  magnitidde 


Oct.  26 
Nov.  2 
Nov.  4 
Nov.  11 
Dec.     1 


14 

13.7 

14 

13J4 
14 


Mean  =    13.7  magnitude 


Positions  of  the  Sixth  Satellite. 


191.5 


c.  s.  T. 


A  n  cos  0 


Ai 


A3 


Comps. 


a  Appt. 


3  Appt. 


Red.  to  Appt. 

+4^28  +26.2 

+4.17  +24.9 

+4.16  +24.8 

+4.12    

+24.4 

+4.12    

+24.4 

+4.10  +24.2 

+4.03    

+24.0 

+4.03    

+24.0 

+3.81  +22.6 


Oct. 

5 

13    1  15 

26 

8    6  45 

28 

8  12  41 

Nov. 

2 

7  16  50 

2 

7  22  41 

2 

7  28  34 

2 

7  32    6 

4 

7  37  29 

11 

7  14  49 

11 

7  21  26 

11 

7  28    7 

11 

7  34  57 

Dec. 

1 

8  57  40 

-110.49 
-110.66 
+  31.62 
+  171.61 

+  170.06 

-229.84 
-128.22 

-128.67 

+206.84 


-0  7.39 

-0  7.41 

+0  2.13 

+0  11. .50 

+0  11+0 

-0  15.40 
-0    8..59 

-0    8.62 

+0  13.85 


- 1  29.6 
-3  14.1 
+  1  17.6 

+3  14.2 

+3  14.2 
+  2    7.9 

+  1  24.0 

+  1  24.8 
- 1  28.4 


6-3 
10-5 

9-5 

4  .  . 
.  .     4 

4  .. 
.  .  4 
10-5 

4  .  . 
..      5 

5  .  . 
..      5 

9-5 


23  30  46.3 
23  21  21.53 
23  20  42.94 
23  19  21.2 

23  19  21.1 

23  18  54.3 
23  18  49.4 

23  18  49.4 

23  18  6.3 


-4  57.7 

-5  36  49.2 

-5  38  59.9 


-5  43.1 

-5  43.1 
-5  44.2 

-5  45.5 

-5  45.5 

-5  23.8 


1 

2t 

31 

4 

4 

4 

4 

4 

5 

5 

5 

5 

6 


t  Seeing  very  bad.     Measures  difficult. 

t  Satellite  very  difficult  from  haze  and  bad  seeing. 


Mean  Places  of  Comparison  Stars. 


* 

a   1915.0 

0   191.5.0 

Authority 

1 

2 
3 
4 
5 
6 

23"^  30">  49^4 
23    21     24.77 
23    20    36.65 
23    19      5  .6 
23    18    54  .0 
23    17    48.6 

-4°  56'.6      " 
-5    34         0.0 
-5    40       42.3 
-5    46  .7 
-5    47  .3 
-5    22  .7 

B.D.  -5°6017. 

Strassburg^.G.  C.  8053. 

Wien-Ottakring  .4.  G.  C.  8311. 

B.D.  -6°6199. 

13  mag.     Compared  with  Star  4. 

12  mag.     Compared  with  B.D.  -5°5975. 
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Measured  Positions  of  Stars  5  and  6. 


^a 

Comps. 

Ao 

Comps. 

1915     Nov.  11 
Dee.     1 

Star  5  —  Star  4 

Star  6  — B.D.  -5°5975 

-0"  1P.58 
[209".19]     +0    14.01 

14  tr. 
3 

-0'     38".5 
+2     37  .2 

4 
3 

Dr.  Eichelberger,  Superintendent  of  the  Nautical 
Almanac,  informs  me  that  the  observations  of  October  5 
and  26  give  the  follo-n"ing  correction  to  the  ephemeris: 

In  a  -  4%     In  6  +  O'.l 

During  the  observations  of  December  1,  a  small  double 
star  was  noticed  in  the  field  with  the  satellite. 


P.  A.  3or.o     Dist.  3".29  (1  night)  r2">  -  121^" 
The  approximate  position  is: 

191.5.0     a  23''  18"'.0     5  -  .5°  22'.1 
Yerkes  Observatory,  Williams  Bay,  Wisconsin,  1913,  December  24- 


THE   INFLUENCE 


OF    QUADRATIC    TERMS    IN 
STELLAR  PARALLAXES, 


REDUCTIONS    OF 


By  OLIVER  J.  LEE. 


In  determining  stellar  parallaxes  from  plates  taken  with 
telescopes  of  short  focal  length,  such  as  those  of  the 
astrographic  type,  corrections  have  usually  been  appUed 
for  terms  of  the  second  order  in  refraction  and  aberration. 
The  large  field,  about  two  degrees  square,  and  sometimes 
large  hour  angles  of  observing,  have  rendered  this  addi- 
tional labor  desirable  or  necessary.  Thus  Ivapteyn,*  in 
reducing  the  Helsingfors  plates,  deduced  the  corrections 
of  second  order  directly  from  the  measures,  while  Kos- 
TiNSKYf  derived  them  a  priori  for  refraction  alone  and 
applied  them  after  making  the  solution  with  linear  terms. 
When  the  plates  are  taken  with  a  telescope  of  relatively 
very  long  focus  and  uniformly  very  close  to  the  meridian, 
it  has  reasonably  been  supposed  that  the  influence  of  the 
quadratic  and  higher  powers  of  the  coordinates  is  negligi- 
ble for  all  plates  exposed  under  normal  conditions. 

In  his  classical  discussion  of  the  whole  problem,  Iv\p- 
TEYN*  remarks:  "ThSre  are  probably  no  measures  of  high 
precision  in  which  sources  of  error  have  not  been  found 
sooner  or  later  which  had  not  at  first  been  suspected, 
and  it  is  well  known  that  in  most  of  them  tl^ere  is  evidence 
of  errors  of  which  we  know  nothing  even  now."  Ob- 
viously a  reduction  with  linear  terms  alone  takes  care  of 
all  unknown  as  well  as  known  corrections  that  can  be 
represented  by  a  linear  formula.  Similarly,  a  reduction 
which  includes  also  the  quadratic  terms,  will  provide 
for  unknown  as  well  as  knowTi  sources  of  error,  the  correc- 
tions of  which  can  be  represented  by  such  a  reduction 
formula. 

*GToningen  Publications,  1,  1900. 

^Piiblicalions  de  V  Observaloire  Central  Nicolas,  Serie  II,  17, 
Pt.  2,  190.5. 


In  order  to  ascertain  whether  or  not  the  second-order 
corrections  are  of  any  consequence  in  our  work  with 
plates  taken  with  the  40-inch  telescope,  reductions  have 
been  made  of  two  sets  of  measures,  using  for  each,  first 
the  linear  relation  of  the  form 


a  +  bx  +  cy  —  n, 
and  then  the  longer  one  of  the  form 

a  -\-  bx  +  cy  +  dx"-  -\-  exy  -\-  fy-  =  n. 


(1) 

(2) 


The  first  set  of  measures  pertains  to  the  field  K  35 
(15''  49"",  +  45°)  of  the  Selected  Areas.  This  field  has 
only  eighteen  well  measurable  stars  on  our  plates,  which 
cover  rectangular  fields  in  the  skj'  45  minutes  of  arc 
east  and  west  by  35  minutes  of  arc  north  and  south. 
From  two  suitable  plates  the  proper  motion  of  each  star 
was  derived,  using  first  (1),  and  then  (2).  Then  the 
parallax  of  each  star  wlis  derived  from  eleven  plates, 
using  again  the  two  forms  of  reduction.  Each  plate 
has  one  exposure  of  30-40  minutes,  made  immediately 
east  of  the  meridian.  The  constants  a,  b  . . .  f  were 
derived  from  least  squares  solutions.  The  unit  in  the 
quantities  given  below  is  the  second  of  arc.  The  quantitj' 
I  is  the  ui)i)er  limit  of  the  probable  error,  obtained  on  the 
assumption  that  the  real  relative  parallaxes  anil  ]iro]wr 
motions  arc  zero,  and  that  the  observed  quantities  are 
due  to  accidental  errors  alone. 

For  the  proper  motions,  the  solution  of 

equations  (1)  gave  [vv]  =  O.OOliUtil     /  =  ±0.0142 
equations  (2)  gave  [vv]  =  0.(K)480o     /  =  ±0.0136 
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For  the  parallaxes, 
equations  (1)  gave  [vv\  =  0.011623     I  =  ±0.0188 
equations  (2)  gave  [I'v]  =  0.010352     I  =  ±0.0198 
The  reduction  in  [iw]  for  proper-motions  is  27%. 
The  reduction  in  [vi']  for  parallaxes  is  11%. 

The  loss  of  weight,  however,  tlue  to  the  large  number 
of  unknowns,  almost  equals  the  appreciable  reduction  in 
the  first  case  and  actually  overbalances  the  small  re- 
duction m  the  second  case.  This  field  has  about  the 
minimum  number  of  stars  with  which  it  is  practicable 
to  determine  general  parallaxes  and  it  was  chosen  to 
show  the  effects  of  tlie  second-order  corrections  at  this 
limit. 

The  second  set  of  measures  relates  to  the  field  K39 
(19''  47"',  +  45°)  of  the  Selected  Areas.  Ninety  stars 
were  used  in  this  case.  As  before,  two  plates  were  used 
to  derive  the  proper-motions  while  the  parallaxes  are 
based  on  ten  plates. 

For  the  proper  motions 

equations  (1)  gave  [vv]  =  0.025358     I  =  ±0.0115 

equations  (2)  gave  [vv]  =  0.023856     /  =  ±0.0114 


For  the  parallaxes, 
equations  (1)  gave  [vv]  =  0.083419    I  =  ±0.0209 
equations  (2)  gave  [vv]  =  0.081031     I  =  ±0.0210 

The  reduction  in  [vv]  for  proper-motions  is  6%. 

The  reduction  in  [vv]  for  parallaxes  is  2%. 

The  loss  of  weight  in  the  solutions  of  equations  (2)  is 
less  for  this  field  because  of  the  large  number  of  equations 
of  condition. 

The  conclusions  are: 

1.  The  reduction  of  the  quantity  [vv]  obtained  by 
including  the  quadratic  terms  in  the  solution  is  in  most 
cases  negligible,  and  will  in  no  case  justify  the  additional 
labor  involved  in  deriving  it. 

2.  The  loss  of  weight  in  the  parallaxes  and  proper- 
motions  occasioned  by  determining  six  unknowns  instead 
of  three  will  on  the  average  about  equal  the  advantage 
gained  by  using  them. 

It  is  a  pleasure  to  acknowledge  the  excellent  assistance 
of  Miss  Eudora  Magill  of  the  observatory  staff  in  the 
above  computations. 

Yerkes  Observatory,  Williama  Bay,  Wisco'isiri,  Decvmhr.r ,  1915. 


A  NEW  VARIABLE  STAR, 

1915.0  a  22''  lO-"  44^36     5  +  55°  4'  .52".6 
By  E.  E.  B.\RNARD. 


I  have  found  on  my  photographs  a  variable  star,  which 
Professor  E.  C.  Pickering  kindly  informs  me  is  new. 
The  position  with  respect  to  BD  +  54°  2755,  which  is 
Cambridge  (U.  S.)  A.  G.  C.  7651,  is: 

1915.806     P  =  181°.21,     A  =  152".68     (3  nights) 

from  which  the  position   at  the  head  of  this    jjaper  is 
derived. 

It  has  a  range  of  probably  sbc  magnitudes  or  more, 
and.  perhaps  passes  beyond  the  reach  of  the  10-inch 
Bruce  photographic  telescope.  The  star  is  yellowish  and 
the  period  is  probably  long.  Visual  observations  show 
that  from  October  18  of  this  year  to  December  18,  it 
rose  from  12.6  to  10.4  magnitude.  An  11th  magnitude 
star  precedes  it  in  the  position: 


1915.806     P  =  297°.42,     A  =  103". 13     (3  nights) 

The  variable  at  maximum  is  brighter  than  this  star. 

On  one  of  my  Lick  Observatory  plates,  1893,  October 
11,  the  star  is  perhaps  at  full  brightness.  It  is  not  shown 
on  a  plate  taken  with  the  10-inch  Bruce  lens  on  1909, 
August  22  (exposure  5''  55"").  It  is  visible  on  a  plate 
made  1911,  January  21.  but  below  maximum. 

Yerkes  Observatory,  Williams  Bay,  Wisconsin,  WIS,  December  24. 


Note  :  Further  observations  indicate  that  the  variable  reached 
its  maximum  (about  Yz  magnitude  brighter  than  the  Uth  magni- 
tude star  preceding,  or  about  103-^  magnitude)  somewhere  near 
December  25,  and  that  it  is  now  on  the  decUne. 

1916,  January  10. 
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SUNSPOT    OBSERVATIONS, 

MADE    AT    BERWiTJ,    PENN.,    WITH    A   4A-INCH    REFRACTOR, 
By  A.  W.  QUIMBY. 
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Sept.    1 

6 

1 

5 

11 

2 

Oct.   31 

8 

_ 

3 

10 

_ 

fair 

2 

6 

— 

2 

13 

1. 

fair 

2 

6 

- 

5 

10 

2 

fair 

Nov.     1 

7 

- 

2 

6 

- 

poor 

3 

6 

_ 

2 

11 

2 

fair 

3 

6 

- 

4 

17 

2 

fair 

2 

7 

- 

2 

12 

1 

fair 

4 

6 

_ 

2 

7 

1 

fair 

4 

6 

2 

5 

15 

2 

fair 

3 

7 

- 

2 

5 

1 

poor 

5 

4 

1 

2 

28 

2 

V.  g. 

5 

6 

- 

4 

24 

4 

fair 

4 

8 

- 

1 

3 

1 

poor 

6 

6 

_ 

2 

20 

2 

fair 

6 

7 

- 

3 

22 

4 

fair 

5 

7 

- 

1 

3 

1 

poor 

1 

6 



2 

38 

2 

fair 

7 

4 

1 

4 

20 

— 

fair 

6 

9 

- 

1 

4 

1 

fair 

8 

5 



2 

40 

2 

fair 

8 

7 

1 

5 

17 

2 

fair 

7 

4 

2 

2 

8 

1 

fair 

9 

4 

2 

3 

42 

3 

fair 

9 

7 

- 

4 

10 

2 

fair 

8 

9 

1 

3 

8 

1 

fair 

10 

6 

1 

4 

54 

3 

fair 

10 

7 

- 

4 

8 

4 

fair 

9 

8 

- 

3 

8 

- 

fair 

11 

6 

1 

5 

52 

2 

fair 

11 

7 

- 

3 

8 

2 

fair 

10 

8 

- 

3 

7 

0 

poor 

12 

5 

1 

6 

40 

3 

fair 

12 

7 

- 

2 

6 

3 

fair 

11 

10 

- 

2 

7 

1 

poor 

13 

6 

_ 

6 

27 

3 

fair 

13 

7 

- 

2 

r4 

2 

fair 

12 

8 

- 

2 

6 

1 

poor 

14 

6 

_ 

5 

17 

2 

fair 

14 

7 

- 

2 

2 

2 

fair 

13 

8 

- 

1 

4 

1 

fair 

15 

6 

_ 

4 

16 

3 

fair 

15 

7 

- 

1 

3 

2 

fair 

14 

8 

- 

1 

4 

1 

poor 

16 

6 

1 

5 

10 

2 

fair 

16 

7 

1 

1 

8 

2 

fair 

15 

4 

1 

2 

3 

1 

poor 

17 

6 

_ 

4 

10 

3 

fair 

17 

7 

- 

1 

68 

2 

fair 

16 

8 

- 

2 

8 

3 

poor 

18 

6 

_ 

3 

7 

3 

fair 

18 

7 

1 

2 

11 

2 

fair 

17 

8 

- 

2 

4 

1 

poor 

19 

6 

1 

4 

8 

3 

fair 

19 

9 

- 

2 

11 

2 

fair 

18 

8 

- 

1 

2 

1 

poor 

20 

6 

4 

20 

3 

fair 

20 

7 

- 

2 

11 

2 

fair 

19 

12 

3 

3 

8 

- 

poor 

21 

6 

1 

5 

23 

3 

fair 

21 

4 

1 

3 

16 

2 

fair 

20 

8 

1 

4 

19 

2 

fair 

22 

6 

5 

79 

3 

V.  g- 

22 

7 

— 

2 

16 

2 

fair 

21 

1 

- 

2 

6 

- 

poor 

23 

6 

1 

6 

67 

2 

good 

23 

7 

- 

2 

13 

- 

fair 

*22 

9 

- 

2 

8 

- 

poor 

24 

6 

1 

6 

102 

2 

V.  g. 

24 

7 

- 

2 

10 

- 

fair 

*23 

4 

- 

2 

8 

1 

poor 

25 

6 

_ 

5 

84 

3 

good 

25 

7 

2 

3 

27 

2 

fair 

*24 

8 

- 

2 

8 

1 

poor 

26 

6 

1 

6 

105 

3 

V.  g. 

26 

7 

- 

1 

10 

- 

poor 

25 

8 

- 

2 

2 

1 

poor 

27 

6 

_ 

4 

89 

2 

good 

27 

7 

1 

4 

22 

- 

fair 

26 

8 

1 

2 

4 

- 

fair 

28 

6 

_ 

4 

50 

2 

fair 

28 

7 

— 

4 

12 

1 

fair 

27 

8 

— 

2 

8 

- 

fair 

29 

6 

1 

4 

35 

2 

fair 

29 

7 

- 

3 

15 

1 

fair 

28 

8 

- 

2 

8 

1 

fair 

30 

6 

_ 

4 

31 

2 

fair 

30 

7 

- 

3 

17 

1 

fair 

29 

10 

- 

2 

9 

1 

fair 

31 

6 

_ 

3 

50 

2 

fair 

Oct.      2 

10 

- 

2 

6 

1 

poor 

30 

8 

- 

1 

12 

3 

fair 

Aug.     1 

6 

_ 

3 

90 

2 

fair 

3 

7 

1 

2 

4 

2 

fair 

Dec.     1 

8 

- 

1 

12 

- 

fair 

2 

6 

_ 

3 

110 

2 

V.  g- 

4 

7 

- 

2 

6 

3 

fair 

2 

11 

- 

1 

8 

- 

poor 

4 

5 

3 

100 

2 

V.  g. 

5 

3 

- 

1 

1 

- 

poor 

3 

8 

1 

2 

8 

2 

fair 

5 

5 

— 

2 

95 

— 

fair 

6 

4 

2 

3 

8 

3 

fair 

4 

8 

- 

1 

2 

2 

fair 

7 

8 

_ 

2 

66 

3 

poor 

7 

7 

- 

1 

1 

- 

poor 

5 

8 

1 

2 

7 

- 

fair 

8 

5 

2 

4 

27 

4 

fair 

8 

7 

2 

3 

16 

2 

fair 

6 

8 

1 

3 

7 

1 

fair 

*9 

8 

_ 

2 

7 

1 

fair 

9 

7 

— 

2 

15 

1 

fair 

7 

8 

0 

2 

3 

- 

poor 

*10 

9 

_ 

2 

3 

1 

fair 

10 

7 

— 

2 

18 

1 

fair 

8 

4 

1 

3 

4 

2 

fair 

*11 

8 

_ 

1 

1 

1 

fair 

11 

7 

1 

3 

23 

1 

fair 

9 

8 

- 

2 

5 

2 

poor 

*12 

9 

1 

2 

3 

2 

fair 

12 

7 

— 

3 

16 

- 

fair 

10 

4 

2 

4 

10 

fair 

*13 

6 

_ 

2 

3 

1 

fair 

13 

7 

— 

3 

18 

— 

fair 

11 

8 

— 

4 

7 

fair 

*14 

6 

_ 

3 

3 

1 

fair 

14 

7 

_ 

3 

15 

1 

poor 

12 

4 

1 

3 

5 

fair 

*15 

6 

L 

4 

5 

•1 

fair 

15 

9 

1 

2 

28 

1 

fair 

14 

4 

2 

5 

20 

fair 

*16 

6 

1 

4 

15 

2 

fair 

16 

10 

— 

2 

22 

1 

poor 

15 

9 

- 

4 

13 

fair 

*17 

6 

— 

4 

17 

2 

fair 

17 

7 

1 

3 

36 

2 

fair 

16 

8 

- 

3 

6 

fair 

*18 

6 

_ 

4 

17 

1 

fair 

18 

7 

1 

4 

36 

2 

fair 

18 

3 

- 

2 

12 

fair 

*19 

6 

_ 

4 

15 

1 

fair 

19 

7 

— 

3 

34 

1 

fair 

19 

8 

- 

2 

12 

fair 

*20 

6 

— 

4 

20 

1 

fair 

20 

7 

— 

3 

42 

2 

fair 

20 

8 

1 

3 

14 

3 

fair 

21 

7 

— 

3 

16 

3 

fair 

21 

7 

— 

3 

22 

— 

poor 

21 

8 

- 

2 

8 

fair 

22 

6 

— 

3 

21 

3 

fair 

22 

7 

~ 

3 

15 

- 

fair 

22 

8 

- 

1 

fair 

23 

6 

2 

4 

24 

3 

fair 

23 

4 

1 

3 

16 

2 

fair 

23 

8 

- 

1 

- 

fair 

24 

6 

- 

4 

24 

3 

fair 

24 

4 

- 

3 

6 

2 

poor 

24 

8 

- 

1 

- 

fair 

25 

6 

1 

5 

26 

3 

fair 

25 

7 

- 

2 

12 

1 

poor 

25 

8 

- 

1 

- 

fair 

26 

6 

— 

5 

22 

4 

fair 

26 

7 

- 

2 

8 

1 

fair 

26 

9 

- 

3 

- 

poor 

27 

9 

— 

3 

15 

- 

poor 

27 

7 

1 

3 

22 

2 

fair 

27 

8 

1 

2 

6 

1 

fair 

28 

7 

1 

4 

17 

2 

fair 

28 

7 

- 

3 

16 

2 

fair 

28 

8 

- 

2 

4 

- 

poor 

30 

4 

— 

4 

9 

3 

fair 

29 

7 

- 

2 

8 

2 

fair 

30 

8 

1 

3 

5 

- 

poor 

31 

6 

- 

4 

10 

2 

fair 

30 

7 

- 

2 

6 

1 

fair 

31 

8 

- 

3 

14 

1 

fair 

*  With  hand  telescope. 
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OBSERVATIONS   OF   THE   FIFTH   SATELLITE   OF   JUPITER, 

Bv  E.  E.  BARNARD, 

The  unfavorable  position  of  Jupiter  during  the  past 
few  years  has  made  observations  of  the  fifth  satellite 
very  difficult.  As  a  consequence  very  few  measures  have 
been  obtained  of  it  since  those  of  1911  {A.  J.  637).  The 
planet  is  now  in  fairly  good  position,  but  the  elongations 
of  the  satellite  in  the  past  opposition  occurred  at  large 
distances  from  the  meridian.  This  increased  the  diffi- 
culty of  seeing  it,  and  only  two  elongations  were  covered. 
The  satellite  was  very  difficult  —  especially  in  the  obser- 
vations of  October  21,  which  were  made  near  the  time  of 
full  moon.  I  have  been  trying  for  many  years  to  get  a 
few  good  elongations  near  together,  for  a  more  accurate 
determmation  of  the  motion  of  the  line  of  apsides  of  the 
satellite's  orbit,  but  this  has  been  hopeless  so  far.  By 
plattmg  the  measures  the  following  results  were  obtained. 
The  times  are  Central  Standard  Time  =  6''  0""  slow  of 
G.  M.  T. 


C.  S.  Time 

App't  Distance 

At  A  5.20 

1915  Oct.  U^  IP  53".9 
Oct.  21    11    13  .6 

61".34 
60  .35 

48".  11 
48  .07 

If  these  times  :^re  corrected  for  parallax  and  light 
equation  and  reduced  to  the  Sun  of  October  21  we  have: 

Observation  of  October  14,       21''  17''  30-.7 

Observation  of  October  21,       21    17    27  .8 
Difference  2'".9 

This  difference  is  rather  large  compared  with  previous 
observations.  The  above  observations  will  hardly  give 
any  improvement  on  the  period  already  obtained, 
which  is  0d.49817906,  or  0''  ll''  57"  22^6708  {A.N.  4339). 

Following  are  the  observations  of  the  satellite  obtained 
since  those  printed  m  A.  J.  637.  Where  required,  correc- 
tions for  phase  have  been  applied. 

1912  July  13  —  Satellite  Following 


1913  June  29 

—  Satellite  Preceding 

C.  S.  Time 

From  Limb 

From  Center 

Comp. 

11''  4"'46'' 

35".99 

59".95 

1 

From  pr.  limb 

11    8  58 

83  .55 

59  .59 

3 

"     fol.     " 

11  12  56 

82  .85 

58  .89 

3 

"     fol.     " 

11  16  46 

35  .83 

59  .79 

2 

"      pr.      " 

Seen    with    certainty,    though    very    faint.     A  bright 
satellite  (I)  was  nearer  to  Jupiter. 

1915  July  20  —  Satellite  Following 


C.  S.  Time 

From  Limb 

From  Center 

Comp. 

14^  3-2P 

32".96 

55".72 

4 

From  fol.  limb 

14  10  20 

78  .28 

55   .90 

6 

"     pr.     " 

14  16  54 

31  .33 

54  .09 

6 

"     fol.     " 

14  23     8 

76  .23 

53  .86 

5 

"      pr.      " 

Polar  Measures 


C.  S.  Time 

From  Limb 

From  Center 

Comp. 

10h24'"4P 

32".52 

54".33 

3 

From  fol.  limb 

10  31    16 

76  .55 

54  .54 

5 

"      pr.      " 

10  37  36 

32  .85 

54  .67 

4 

"     fol.     " 

10  42  11 

33  .62 

55  .43 

3 

"     fol.     " 

Excessively  difficult. 


C.  S.  Time 

From  Limb 

Appt.  /? 

d 
g 
o 
O 

Obs'd 

Corr'd 

13''51"'38^ 

18".39 

21".36 

-0".03 

4 

From  north  limb 

13  56  21 

25  .10 

22  .13 

+0  .80 

5 

"     south     " 

14  31  54 

23  .79 

21  .06 

-0  .27 

4 

"     south     " 

14  38     9 

19  .19 

21  .89 

-0  .56 

4 

"     north     " 

The  position  angle  of  the  wires  in  the  polar  measures 
was  68°. 59,  but  when  the  position  angle  of  the  belts  was 
measured  a  little  later  it  was  found  that  this  was  not  par- 
allel to  the  belts.  The  position  angle  of  the  wires  should 
have  been  65°. 55.  I  have  corrected  the  measured  polar 
distances  for  this  error  of  3°.  The  slight  corresponding 
corrections  to  the  equatorial  distances  have  been  applied. 

1915  August  10  —  Satellite  Following 


C.  S.  Time 

From  Limb 

From  Center 

Comp. 

12h  9m4is 

34".18 

58".35 

5 

From  fol.  limb 

12  14  37 

82  .44 

58  .07 

6 

■'      pr.      " 

12  19  23 

33  .05 

57  .22 

6 

"     fol.     " 

12  25  24 

81  .62 

57  .24 

7 

"     pr.      " 

Only  feebly  seen  at  best.     Observations  stopped  by 
haze. 
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1915  October  14  —  Satellite  Preceding 


C.  S.  Time 


From  Limb 


ICSS" 

5P 

10  57 

57 

11    2 

41 

11    7 

25 

11  12 

35 

11  18 

7 

11  23 

0 

11  28 

20 

11  33 

19 

11  38 

21 

11  42 

46 

1147 

27 

11  53 

1 

11  58 

11 

12    3 

54 

12    8 

45 

12  15 

12 

12  22 

5 

12  28 

5 

28".35 
79  .73 
30  .46 
81  .06 

32  .80 

83  .31 

34  .47 

84  .45 

35  .64 

85  .64 

36  .09 

86  .46 
36  .43 

85  .93 
36  .24 

86  .12 
35  .51 
84  .63 

33  .23 


From  Center  Comp. 


53".09 
55  .11 

55  .21 

56  .44 

57  .54 

58  .69 

59  .21 

59  .83 

60  .39 

61  .02 

60  .83 

61  .83 
61  .17 
61  .31 

60  .99 

61  .50 
60  .25 
60  .01 
57  .97 


o 
5 
6 
6 
7 
5 
6 
6 
6 
6 
6 
7 
6 


9 
6 
5 


From  pr. 

"  fol. 

"  pr. 

"  fol. 

pr. 

"  fol. 

"  pr. 

"  fol. 

"  pr. 

"  fol. 

"  pr. 

"  fol. 

"  pr. 

"  fol. 

"  pr. 

"  fol. 

"  pr. 

"  fol. 

"  pr. 


limb 


1915  October  21  —  S.^tellite  Preceding 


C.  S.  Time     From  Limb    From  Center  Comp. 


10''32"'56' 
10  38  57 
10  44  35 
10  49     6 
10  53  44 

10  57  43 
U     1  46 

11  5  28 
11  8  4 
11  10  49 
11  12  .50 
11  15  27 
11  18 
11  21 
11  25 
11  28  18 
11  31  25 
11  34  19 
11  38  8 
11  40  50 
11  44  31 
11  47  53 
11  51  8 
11  53  54 


9 

30 
22 


31".85 

81  .65 
34  .29 
83  .15 

34  .45 

83  .53 

35  .38 

84  .21 

84  .87 
35  .66 
35  .40 

85  .26 
84  .99 
35  .10 
84  .26 
84  .34 
34  .74 
34  .55 

82  .78 
82  .65 
33  .58 
33  .23 
81  .96 
80  .51 


56".03 

57  .65 

58  .48 

59  .15 

58  .63 

59  .52 

59  .57 

60  .21 

60  .87 
59  .84 

59  ..59 

61  .25 

60  .98 

59  .29 

60  .26 
60  .34 
58  .92 
58  .64 
58  .78 
58  .64 
.57  .76 
57  .41 
57  .96 
56  .51 


7 
5 
6 
7 
6 
4 
4 
4 
4 
4 
5 
6 
4 
6 
4 
6 
4 
4 
5 
5 
4 
5 


From  ])r.  limb 

"  fol.  " 

"  pr.  " 

"  fol.  " 

"  pr.  " 

"  fol.  " 

"  pr.  " 

"  fol.  " 

"  fol.  " 

"  pr.  " 

"  pr.  " 

"  fol.  " 

"  fol.  " 

"  pr.  " 

"  fol.  " 

"  fol.  " 

"  pr.  " 

"  pr.  " 

"  fol.  " 

"  fol.  " 

"  pr.  " 

"  pr.  " 

"  fol.     " 

"  fol.     " 


1915  October  21  —  Satellite  Preceding.    {Couimued) 


C.S.Time 

From  Limb 

From  Center 

Comp. 

ll''57'"33^ 
12    0  26 
12    4  54 
12    8  30 

31".16 
30  .71 

78  .46 
77  .68 

55".34 
54  .89 
.54  .46 
53  .68 

4 
5 

4 
4 

From  pr.  limb 
•'      pr.      " 
"      fol.     " 
"     fol.     " 

Very  faint  in  all  the  meat;ures,  in  nearly  full  moonlight. 
Seeing  fair  =  3.  There  was  much  drift  in  the  telescope 
and  oscillation  of  tlu>  image,  making  the  bisections  of 
the  hmb  difficult,  hut  the  bisection  of  the  satellite  was 
always  very  good. 

1915  October  28  —  Satellite  Preceding 


C.  S.  Time 

From  Limb  From  Center 

Comp. 

10'>  5-1 P 
10  11   40 
10  19   10 

32".41 
82  .24 
34  .18 

56".58 
58  .31 
58  .34 

6 
6 

1 

From  pr.  limb 
"     fol.     " 
•'      pr.      " 

Excessively  faint. 


1915 

December 

1  —  Satellite  Preceding 

C.  IS.  Time 

From  Limb 

From  Center  Comp. 

7'>25'"52' 
7  39  27 

7  59  52 

8  18  53 

30".95 
31   .26 
31   .46 
29  .60 

52".46     1 
52  .78 
52  .98 
51  .12 

2 
5 
4 
5 

From  pr.  limb 
"     pr.     •• 
"     pr.     •' 
"     pr.     " 

Satellite  only  feebly  glimpsed  and  measures  uncertain. 

In  these  and  in  all  th(>  previous  measures  of  the  sat- 
ellite, the  wires  were  placed  perpendicular  to  the  belts  of 
Jupiter  by  the  position  circle.  When  polar  distances 
have  been  measured  the  wires  have  been  placed  parallel 
to  the  belts. 

The  following  eijuatorial  diameters  of  Jupiter  were 
used  in  the  reductions. 


Date 


Apparent 


Phase 


1912  .July    13 

1913  June  29 
1915  July  20 
1915  Aug.  10 

Oct.  14 
Oct.  21 
Oct.  28 
Dec.     1 


44".03 

47  .92 
45  .51 

48  .34 

49  .48 
48  .37 
48  .33 
43  .03 


0" 

.20  on 

fol. 

limb 

0 

.00 

0 

.38  " 

pr. 

0 

.21   •• 

pr. 

0 

.12  •• 

fol. 

0 

.18  " 

fol. 

0 

.24   " 

fol. 

0 

.42  " 

fol. 
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The  apparent  polar  diameter  used  on  1915,  July  20, 
was  42".67. 

On  October  14  and  28  the  diameters  were  measured. 
On  the  other  dates  they  were  reduced  to  the  apparent 
from  the  value  38".522  (A  5.20).     See  A.  J.  325. 

As  in  previous  years,  when  the  opportunity  has  oc- 
curred, I  have  measured  the  position  angles  of  the  belts 
of  Jupiter.  The  following  measures  are  a  continuation 
of  those  printed  in  No.  637  and  previous  numbers  of  the 
Astronomical  Journal.  These  measures  now  cover  more 
than  two  complete  revolutions  of  the  planet  and  should 
give  a  very  accurate  determination  of  the  inclination  of 
the  axis  of  Jupiter. 


Position  Angles 

OF    THE 

Belts 

OF  Jupiter 

Date 

C.S.Time 

P.  A. 

Comp. 

Kemark.s 

1909  Mar.  20 

12''20-" 

114°.ll* 

5 

1912  Julv    16 

8  55 

99  .93 

5 

21 

10  40 

97  .84t 

5 

23 

7  45 

99  .47 

5 

Seeing  fair 

1913  Sept.    9 

7  40  , 

85  .73 

5 

Seeing  very  bad 

1915  June    2 

15  40 

64  .68 

5 

Seeing  fair 

July  20 

14  45 

65  .55 

5 

22 

12  50 

64  .26 

5 

*  This  was  omitted  bv  mistake  from   the  measures  printed  in 
A.  N.  4339. 

t  This  was  by  a  north  belt.     The  north  eilge  of  the  great  south 
belt  did  not  seem  parallel  witli  it. 


Position  Angles  of  the  Belts 

OF  Jupiter.      (Conlinued) 

Date 

C.S.Time 

P.  A. 

Comp. 

Remarks 

1915  Aug. 

5 

13h  0". 

65°.52 

3 

Lost  in. clouds. 

10 

12    0 

64  .89 

5 

In  haze. 

12 

15  20 

63  .23 

5 

Seeing  very  bad 

17 

12  50 

65  .17 

5 

Seeing  poor. 

19 

12  30 

65  .17 

6 

Seeing  very  bad 

26 

14  30 

64  .33 

5 

Seeing  poor. 

31 

10  30 

64.86 

5 

Seeing  fair. 

Sept 

16 

1140 

64  .91 

5 

Faint  in  clouds. 

28 

14    0 

63  .82 

5 

Seeing  v(>ry  bad 

30 

10  25 

64  .12 

5 

Seen  very  feebly 
through  clouds 

Oct. 

14 

10  15 

63  .99 

6 

Seeing  fair. 

18 

10    0 

63  .31 

5 

Seeing  bad. 

21 

10  30 

63  .76 

7 

26 

10    0 

63  .77 

5 

Seeing  very  bad 

28 

8  40 

65  .26 

6 

Seeing  bad. 

Nov. 

2 

8  15 

63  .89 

5 

4 

7  15 

66  .71 

5 

9 

7  15 

62  .68 

5 

Faint  in  clouds 

11 

6  50 

65  .33 

5 

Dec. 

1 

6  50 

64  .32 

5 

Seeing  bad. 

4 

5  20 

65  .15 

5 

Dim  in  clouds 

29 

5  30 

64  .54t 

7 

X  Measure  added  to  the  proof. 

Yerkes  Observatory,  Williams  Bay,  Wisconsin,  1915,  December  2^. 


THE    NUMBER    OF    THE    NEBULA, 


REMARKS    ON    A    PAPER    BY    DR.   E.   A.   FATH    IN    "ASTRONOMICAL   JOURNAL,"    No.    658, 

.    By  C.  D.  PERRINE. 

2.  The  largest  number  of  nebulje  on  any  of  the  Mount 
Wilson  plates,  irrespective  of  the  difference  in  area  is 
almost  exactly  the  same  as  in  the  Lick  series. 


In  No.  658  of  the  Journal,  Dr.  Fath  in  his  "A  Study 
of  the  NebulEe"  finds  a  large  discrepancy  between  the 
number  of  the  nebula  as  estimated  from  the  Mount  Wil- 
son plates  which  he  used  and  my  estimate  from  the  plates 
of  the  Keeter  program  taken  with  the  Crossley  Re- 
flector of  the  Lick  Observatory. 

Dr.  Fath  considered  the  most  probable  explanation 
of  the  discordance  to  be  due  to  the  fact  that  a  larger 
proportion  of  the  Lick  plates  were  in  the  great  north 
galactic  polar  nebular  region,  whereas  the  Mount  Wilson 
plates  were  uniformly  distributed  over  the  sky,  being 
taken  in  the  series  of  Kapteyn's  Selected  Areas. 

At  .first  sight  this  explanation  appears  plausible,  but 
further  examination  throws  strong  doubt  on  its  validity 
as  will  be  seen  from  the  following  considerations  — 

1.  The  proportion,  of  non-nebulous  regions  appears  to 
be  practically  the  same  in  both  the  Mount  Wilson  and 
Lick  series,  amounting  to  ncarlj^  half. 


3.  The  average  number  of  nebulae  per  plate  in  the 
two  series  (after  correcting  the  Crossley  series  for  the 
excess  of  regions  within  45°  of  the  north  galatic  pole)  is 
as  follows  — 

Mount  Wilson  7.4 

Lick  6.9 

4.  The  average  per  plate  for  the  region  within  45°  of 
the  north  galactic  pole  is  as  follows  — 

Mount  Wilson  18.7 

Lick  16.5 

This  leaves  for  the  average  for  the  region  outside  this 
area  — 

Mount  Wilson  4.8 

Lick  4.1 
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The  determination  of  these  values  is  somewhat  rough, 
but  I  do  not  think  they  are  greatly  in  error. 

5.     Taking  the  four  quadrants  ari^itrarih'  we  find  the 
follomng  averages  per  plate  — 


Qh_gh         6''-12'»        12''-18''       18''-24'' 


Blount  AVilson 
Lick 


5.5 

6.2 


10.1 
9.4 


12.2 
12.9 


These  determinations  are  rather  rough  also 
greatly  in  error. 


1.7 
2.2 

but  not 


6.  Dr.  F.4.th's  diagram  shows  no  regular  increase  in 
density  towards  either  pole,  but  rather  an  irregular  dis- 
tribution over  a  large  area. 

An  examination  shows  the  distribution  of  the  Crossley 
plates  to  be  fairly  representative  of  larger  areas  of  the 
sky,  if  not  entirelj'  uniform,  with  the  exception  of  the 
excess  in  the  north  galactic  polar  region.  Reducing  the 
densitj'  of  this  excess  to  the  density  of  the  outlying 
regions  (which  should  make  the  distribution  of  the  Cross- 
ley  plates  sufficiently  comparable  with  the  uniform  dis- 
tribution of  the  jMount  Wilson  series)  I  find  that  it  reduces 
the  average  number  per  plate  (and  therefore  my  total 
estimated  number)  20%. 

Thus,  after  having  the  two  series  comparable  so  far 
as  the  larger  areas  at  least  of  sky  are  concerned  we  still 
find  a  discordance  between  the  estimates  of  23/^  to  1. 

It  is  not  known  whether  the  regions  about  some  of  the 
larger  spirals  or  the  especially  rich  regions  may  be  centers 
of  condensation,  around  which  there  are  fewer  small 
nebulffi,  a  point  which  has  been  alluded  to  also  bj'  Dr. 
F.\TH.  This  might  if  well  marked  have  a  tendency  to 
cause  such  a  discordance  as  that  noted  by  Dr.  Fath. 
There  are  reasons  for  believing,  however,  that  this  effect 
is  not  large. 

The  close  agreement  shown  above  of  the  total  number 
of  nebulsp  on  the  Mount  Wilson  and  Lick  plates  upon 
all  a.ssumptions  of  distribution  —  rich  areas,  poor  areas, 
areas    arbitrarily    chosen — notwithstanding    the    wide 


difference  in  area,  leads  to  the  suspicion  that  the  Mount 
Wilson  plates  are  not  fairly  representative  of  the  areas 
covered. 

There  is  a  condition  which  has  certainly  tended  to 
reduce  the  actual  number  of  nebulae  noted  on  the  plates 
taken  at  Mount  Wilson  which  Dr.  F.\th  does  not  onjiear 
to  have  investigated. 

The  Mount  Wilson  plates  cover  an  area  of  sky  nearly 
21/^  times  that  of  the  Crossley  plates.  The  images  are 
considerably  distorted  at  the  edges  of  the  Crossley  plates 
and  must  be  much  more  so  at  the  edges  of  the  Mount 
Wilson  plates  due  not  only  to  the  larger  area  covered, 
but  also  to  the  larger  angular  aperture  of  the  Mount 
Wilson  mirror,  1/5.0  as  compared  with  the  Crossley 
1/5.8. 

Distortion  should  cause  a  diminution  of  the  number 
of  small  nebulse  in  two  ways  — 

1.  B}'  spreading  the  faint  nebular  images  and  render- 
ing many  of  them  invisible,  and 

2.  By  confusing  the  appearance  antl  rendering  it 
difficult  to  distinguish  faint  nebular  images  from  those 
of  stars  in  the  greatly  distorted  regions  on  the  plates. 

A  rough  test  of  the  two  richest  regions  of  the  above 
series  of  ]Mount  Wilson  plates  (as  deduced  from  the 
positions  of  the  nebulse  published)  shows  a  decided  falling 
off  at  the  edges  of  the  plates.  This  tends  to  confirm  the 
presence  of  some  such  effect. 

A  good  test  would  be  to  take  a  plate  rich  in  nebulse  and 
take  four  others  whose  centers  are  at  the  corners  of  that 
plate. 

A  strictl\-  fail-  comparison  with  the  Crossley  plates 
would  be  to  count  the  nebuhie  on  the  Mount  Wilson 
plates  in  central  areas  the  size  of  the  Crossley. 

Until  the  effect  of  the  additional  distortion  on  the 
Mount  Wilson  plates  has  been  determinetl  no  direct 
comparison  with  the  Lick  results  is  possible. 

Obsert'otorio  Naciotial  ArgciUino 
Cordoba,  December  13,  1915. 
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ON   THE   THEORY   OF   MOTION   OF   THE   SMALL   PLANETS   WITH   A 
PERIODIC    ORBIT   FOR   THE   HILDA    TYPE, 

By  LOUIS   ALLEN   HOPKINS. 


Purpose 
The  object  of  this  investigation  is  to  develop  :i  method 
for  the  construction  of  periodic  solutions  of  the  differ- 
ential equations  for  the  plane  motion  of  an  infinitesimal 
body*  subject  to  the  attraction  of  Jupiter  and  the  Sun, 
and  to  present  a  periodic  orbit  under  perturbations  of 
the  first  order  for  small  planets  whose  mean  motion  is 
conamensurable  with  the  mean  motion  of  Jupiter  in  ratio 
three  to  two.f  It  will  be  assumed  that  Jupiter's  orbit 
is  a  circle  of  unit  radius. 

Part  I.     The  General  Solution 
The  ilifferential  equations  of  motion  in  canonical  units 
with  the  Sun  as  origin  are, 


(1) 

df  ~    dx  ' 

d^y  _  f)^ 
df          c)y 

in  which 

r              (    p 

-   (xX  +  /yF, 

The  0-  and  ^u  denote  the  masses  of  the  Sun  and  Jupiter 
and  )■  and  p  the  distances  from  the  small  planet  to  the 
two  finite  bodies  respectively.     With  the  chosen  units 

a  +  fx  =  1  . 


The  X  and  Y  are  the  rectangular  coordinates  of  Jupiter. 
Equations  (1)  possess  one  integral  due  to  Jacobi,  viz., 


ih 


=   2(;A  +  c) 


(2) 


For  the  immciliate  purpose,  equations  (1)  are  put  into 
polar  coordinates  rotating  with  Jupiter  by  the  transfor- 
mations, 

x  =  r  cos  {<p  +  t),         X  =  cos  i,  (3) 

y  =  r  sin  (>p  +  t),  F  =  sin  t, 

in  which  <^  is  the  angle  between  the  radii  vectores  of 
Jupiter  and  the  small  planet.  The  equations  of  motion 
become. 


(4) 


where 


dh- 
df 

-  r 

'dip 
dt 

-f  1 

9r 

d 
dt 

Kt^o: 

dtp 

W  = 

r 

■f  M 

"1 

_P 

-  r  cos  ip 

- 

(5) 

,-„  =  ao|l  -  [cos  w  (t-  T)]e+  H  -  icos  2u  (t  -  T)^e'  +  [fcos  w  {t  -  T) 

^„  =  \-(t-T)  +oi{t~T)  +  [2sina)  (t-T)]e  +  [i  sin  2cc(t-T)]e'- +  [-  ^ 


With  fi  =  0,  equations  (4)  have  the  elliptic  solutions, 
|cos3co((-  n]e^+  •  •  •  I   , 


i  sin  CO  (/  -  T)  +  ;^  sin  3co  (t-T)]  e'  + 


The  four  arljitrary  constants  are  T  the  time  of  perihelion 
passage,  ao  the  major  semi-axis,  e  the  eccentricity  and  X 
the  longitude  of  perihelion.  The  mean  angular  motion 
oj  is  related  to  Oo  by 

*MonLTON,  Celestial  Mechanics  (MacmiUan  1914)  p.  277. 

T  The  Berliner  Jahrhuch  (191.5)  tabulates  five  small  planets  with 
appro.ximatcly  this  mean  motion.  They  are  Nos.  153,  190,  334, 
361,  499.  The  subtitle  of  this  paper  is  chosen  from  the  name  of 
the  fii'st  of  the  five. 


The  initial  conditions  a.t  i  =  T  are 

niT)  =  aoil  -  e),  MT)  =  X, 


(6) 

(V) 


rfro 
~dt 


(T)  =0 


dipo 
'dt 


(T)  =  -  1  +  i^E, 


in  which 


£0  =  1  +  2e  -I-  f  e-  +  3e'  + 


(81) 
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To  obtain  the  solutions  of  equations  (4)  with  n  different  j  for    a  =  S  =  n  =  0.     The    initial    conditions    for    these 
from  zero,   but   sufficiently  small,   the   initial   conditions  j  power  series,  due  to  the  increment  a  in  (7),  are 
(7)  are  varied  by  giving  to  oo  an  increment  a  and  the 


independent  variable  is  changed  from  t  —  T  to  (1  +  5)t, 
where  5  is  an  arbitrary  parameter.*  The  solutions  of  (4) 
thus  transformed  ma\'  be  ^Titten  as. 


(8) 


r  =  roir)  +  Hr)  , 
iP  =  (Po(t)  +  r?  (r)  , 


m  =  (1  -  e)a,     7,(0)  =  0, 


(9) 


After  making  the  indicated  transformation  on  the  inde- 
pendent  variable  in   (4)   and  subtracting  equations   (4) 
with  M  =  0,  there  results  the  following  equations  in  the 
in  w  liich  ^  and  rj  are  power  series  in  a,  5  and  ix  \-anishiug  i  variations  ^  and  rj. 

(10) 

II  I  I    I  I       I  I  III  I  ji  I  I  II  I 

[$  -  rorf-  -  2roipoV  —  Sfoi?  -  <?n-$  -  ^t  -  $  -  ^v^iir;^  -  2^50?  -  2?r;]  +  5  [  -  2co  +  2ro<p:?  +  2r„^o  -  '2rn-n  -  2,paS.  -  2^r,  -  2j] 

+  a=[,w  -  n  -  ^:  +  2.„^„]  +  .(1  +  sy-^i-ir  ^,^r  =  +  d  +  «)VL^,+  ^^{^  ^^+  v^J  ^^ 


ir,v  +  s^o?  +  St?  +  2r,ri  +  2^„t  +  9^,,  +  2?]  +  5[2ra  +  2^] 

=   +  (1  +  5)V 


In  these  equations  the  accents  denote  derivatives  with 
respect  to  t  and 

1 


?"o  ^ts-o 


[/  =    —    —  )'o  COS  ^i, 


The  .solutions  of  equations  (10)  are, 


(11) 


00      00      X 

^   =    S  S   2e,,,(r)a'6>' 
1=0  ;=o  t=o 


00      OC      00 

7,    =    S    S   2   ^,,(r)a'6'M' 

1=0    '=0   *^0 


with  initial  conditions  given  by  (9),  On  substituting 
(11)  in  (10)  and  equating  coefficients  of  like  powers  of 
a,  5,  ti,  there  is  obtained  an  infinite  set  of  differeatial 
equations  integrable  sequentially.  The  coefficients  of 
a,  6,  ti  and  or.  etc.,  are 


(12) 


^100  —  2ro(<po  +  l)i/'ioo  —     ('^0  +  1)-  +  —3 

?0 
II  II  II  I  I 

'"o^ioo  +  fo^ioo  +  2ro^ioo  +  2{<po  +  l)0ioo 


Sioo   —   0 


0  ; 


(13) 


11  I  I  r    I  ,       2a 

Bmo  —  2;-o(<^o  +  l)_^^oin  —     ("i^o  +  l)"  +  —3 

It  II  II  I  I 

''n^oio  +  "po^oio  +  2ro^oio  +  2(^0  +  1)  ^010 


0010    =  2rii  —  2rov'o(<^o  +  1)  , 
=   -  2ro  ; 


(14) 


flooi  —  2co  (^  +  1)  1^0 


(^„+i)-  +  -3je„oi  -  ^^ 


''o^ooi  +  <po^ooi  +  2>"o^ooi  +  2(^0  +  1)  ^0 


1  dU 


•Professor  MotTLTON  suggested  this  method  in  Section  11  of  his  article  on  "Closed  Orbits  of  Ejection  and  Relate!  Perio<Uc 

Orbits"   (Proceedings  of  the  London  Afnihcmatical  Society,   Scr.   2,  Vol.   11,  Part  5), 
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0200  —  2rn('po  +   Oi^in 


2cr 

(^0+  1)=+-^ 


3a 


0200    =   ''a'/^ion '.  0^100  +  2Siooi/'ioo(<^ii  +  1) 


(15) 


''0l/'20O    +    V'll^Scd    +    '2r»\p.2,M    +    2(v?0   +     1)^200  =      —    duiui/um    —    29l0l]^ll 


The  left  members  of  each  set  of  two  equations  are  the 
same  and  the  right  memljers  involve  known  functions 
of  r  or  the  solutions  of  previous  differential  equations. 

Equations  (12)  are  the  equations  of  variation*  of 
which  the  solutions  are  the  partial  derivatives  of  the 
generating  solution '(5)  with  respect  to  the  four  arbiti'ary 
constants.     Thus  the  general  solutions  of  (12)  are, 


A'l 


3ro     ,     r.       9ro         „  di-o         ,, 
+  AoOo,-,   -    +  h-i-:^   +  A4 


dT 


3e 


r^T  (fan 


^^o+A-3"^"+A', 


where  after  the  differentiation  t  —  T  is  replaced  by  r. 
The  partial  derivatives  of  ro  and  ipo  with  respect  to  cio 
are  multiplied  by  ao  for  sake  of  symmetry.     In  forming 

— -°  it  must  be  noted  that  Oo  enters  both  explicitly  and 
9ao- 

implicitly  through  co  and  therefore 


9^0 


,9ao/        So      Sao 


Furthermore,  as  ro  does  not  contain  \,  and  i^o  is  linear 
in  X,  it  follows  that 


1   . 


Therefore  the  general  solutions  of  (12)  become, 

e.„,  -  A:^  +K2a„  —  +  A3-j^,  ^^g^ 


'Vo 


'<^() 


'<PC) 


i/'ioo  =  Ai  — =  +  A2ao  ^ —   +  A3  — -    + 


'«0 


The  constants  A^   are  found  from  the  initial  conditions 
(9)  by  means  of  the  equations 

/^.^(0)  +  A2«o|^^(0)+A3-^(0)=(3,      . 
A,  If"  (0)  +  A2a„  g  (0)  +  A3  l^"  (0)  + A.   =  0  , 


6?2^„ 


92, 


'<po 


9^*50 


^-'y;!^  W  +  ^>»^  W  +  ^3^^(0)=  -  ,-  En, 

to  be 

Xi  =  A'3  =  A4  =  0,  A2  =  l/tto    ■ 

The  solutions  of  equations  (12)  are  therefore, 


0tpo 


:i7) 


^100  = 


dUo 


The  solutions  of  (13),  (14),  (15),  etc.,  can  now  be  ob- 
tained sequentially  from  the  general  solutions  (16)  of 
equations  (12)  by  the  method  of  variation  of  parameters. 
But  before  proceeding  further  let  the  following  abbrevia- 
tions be  adopted: 


'  '  2(7  '  „ 

ro{<po  -h  1)  =  aoo}^  ,         ivo  +  1)-  +  —3  =  oi-P  , 

'0 


Vo, 


lAo 


ao 


Q, 


ra/i-o  =      u>R  , 


<po  +  1         2co  J, 

=  —  o  , 

ro  flo 


ro  -  ro<po(}po  -I-  1)  =  -  CoT  +  aouN  , 


where  jV,  P,  Q,  R,  S  and  T  are  infinite  power  series  in  e 
with  periodic  coefficients.  The  expressions  N,  P,  S  and 
T  contain  cosines  and  Q  and  R  sines  of  multiples  of  wt. 
As  T  occurs  only  in  the  combination  cor,  for  abbreviation 
let  __^_^ 

*PoiNCAR&.   Les   Mdthodes  Nouvdles    de    la   Micanique   Celeste, 
Vol.  I,  Chapter  V. 


Equations  (12)  become, 

9,00  -  2aoiV<Aioo  -  POion  =  0, 

1 


(18) 


(19) 


(20) 


lAiii 


0  —     -  Qdioo  +  2fii/'ioo  H Sdim 

flo  tto 
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The  dots  indicate  derivatives  wath  respect  to  /3.  The 
coefficients  are  periodic  of  period  2ir.  Equations  (20) 
may  be  ^Titten  as  a  system  of  first  order  differential 
equations  by  letting, 


(21) 


Xi  —  oioo  , 

;i"2  =  xi  =  0100  , 

X3  =  <Aioo  , 

X4    =   X3    =   ^100 


as  follows: 

Xi   =  X2  , 

Xi  =  Pxi  +  2aoNxi  ,  (22) 

X3  =  X4 , 

1  2 

X4  =  —  Qxi Sx2  —  2Rxi  . 

Oo  ao 

The  fundamental  set  of  solutions  of  equations  (22)  as 
already  found  in  (16),  are, 


(23) 


Xii  =  —  aowA, 

X12  =  (loB  —  'iao0A, 

X13  =  floC, 

Xu  =  0, 

X21   =    —   QowA 

X22  =  aoB  —  '^ctoA  — 

upA, 

X23  =  aoC, 

X04  =  0. 

X31  =  1  —  oiD, 

X32  =  -  i^D 

X33  =  E, 

Xu  =  1, 

X41  =  -wb, 

X40  =  -  ^D  -  -00, 

.1-43    =    E, 

X44  =  0; 

where  A  and  E  contain  only  sines  and  B,  C,  and  D  onh' 
cosines  of  multiples  of  ji.  The  general  solutions  (16) 
may  now  be  written  as 


(24) 


=  2/f;X<,  (f=l,2,3,4) 


Equations  (13)  under  the  substitutions  (18)  and  (19) 


are, 


Xi  —  X2  =  0, 


X2  -  (Pxi  +  2ao.Vx4)  =  -2aoT+2-VV  =  G  , 


(25) 


Xs  —  X4  =  0, 


i,  -(~Qxu  -  -Sx2  -  2Px^=   -^R  =  H  . 
\flo  do  J  " 


To  solve  this  set  let  us  substitute  (24)  in  (25)  (considering 
the  Kj  ,'is  functions  of  0.  The  following  relations  result 
fi'oin  which  the  Kj  and  consequently  the  Kj  can  be  found. 


2    KjXy  =  0  . 

4 

S    kjx,j  =  G  ,  ^26) 

4 

S       A>3;    =     0     , 
J  =  l 
4 

2   K,x,j=  H. 
The  determinant  of  this  system  of  equations 

A=|x,,|         (.,./•  =  1,2,3,4), 

is  the  determinant  of  the  fundamental  set  of  solutions 
(23),  its  value  can  be  more  readily  found  from  the  re- 
lation, 

e 
-2fRd0 

A  =  Aoe  ,° 

where  Ao  is  the  valu(>  of  A  for  /3  =  0.*  The  expression 
for  A  is  thus  found  to  be 


(27) 


A  =  -  iao^ooe  )1  +  [2cos  ^]e  +  [1  +  i  cos  20']e-  +  [4  cos  /3  +  V  cos  3/3]e'  +  •  ■  •  ^ 


The  numerators  of  the  solutions  of  equations  (26)  for  the  ,  The  particular  integrals  of  (25)  are  found  on  integrating 
kj  are  respectively:  |  the  equations 

A',  =  .V,A->  ij  =  1,  2,  3,  4)  , 


A^l    =    G'(Xi2X43   —   ^13X42)    +  H{XnX22   —   X12X23)    , 

(28)  N2  =  G{xuXai  —  XuXm)  +  H(xnX-a  -  X13X21)  , 

Ni  =  G(xiiX42  -  X12X41)  +  //(X12X21  -  X11X22)  , 
A'4  =  —X3\Nx  —  X32N2  —  X33N3  . 


to  be  /.  ='EKjX^ 


a  =  1. 2. 3, 4) . 


•MouLTON  and  MacMillan:  "Solutions  of  Certain  Tj-pcs  of 
Linear  Differential  Equations  w-ith  Periodic  CocflRcienta,"  American 
Journal  of  Malhemalicf,  Vol.  .\XX11I,  1911. 
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It  is  not  necessary  to  develop  the  /«  and  fi,  though  they 
have  been  obtained  separately  and  checked  by  the  relations 


/i  =  /a,  fa  =  fi-      On  carrying  out  the  process  indicated  it 
is  found  that  the  particular  integrals  of  (25)  are 


/i  =  4flo  I  [-i]  +  [/3  sin  ^+  icos  /3j  e  +  •  ■  •  {.    +  ^^"  J    [i]  +  [  -  f  ,3  sin  0  +  ^cos  H]  e  +  ■  ■  ■  I  , 


/s  =  4  j  [0]  +  [2^cosfle+  •••  I    +  ^  j  [-/3]  +  [-  |0  cos  ^  -  -'sin/^]  e  + 


.  .  .  ? 


The  general  solutions  of  (25)  are  therefore, 

4 

X,  =    2A7%+/,        (i  =  1,2,3,4), 

where   the    ivj"'    are   arbitrary   constants.      The    initial 
conditions  as  given  by  (9)  are, 


(30) 


X,  (0)  =0         (J  =  1,  2,  3,  4), 


from  which  the  constants  K/"''  may  be  determined.  As 
Xn,  X22,  .C23,  X32:,  X33,  Xii,  /i  and  fa  are  odd  functions  of  /3 
and  .ti4  =  X24  =  .^44  =  0,  equations  (30)  reduce  to 

(31)  (a)  A'2<'".Ti2(0)  +  A3<'»a;i3(0)  =  -/,(0), 

(b)  A/»'a;2i(0)  =  0, 

(c)  A'i<°'a-3i(0)  +  A4(«:r34(0)  =  0, 

(d)  A2('"a:42(0)  +  A3("X43(0)  =  -  /4(0). 

From  (31b)  it  follows  that  Ai*"'  =  0  and  consequently 
A'4(«  =  0  from  (31c),  and 


a;i3(0)     /i(0) 

X43(0)       /4(0) 


Xl2(0)        Xi3(0) 

a;42(0)     0:43(0) 


,    A3<»'    = 


/i(0)       x,2(0) 

/4(0)  X42(0) 


^12(0)     a;i3(0) 

.T42(0)        X43(0) 


The  final  solutions  of  equations  (25)  or,  reversing  the 
transformation  (19),  the  solutions  of  (13)  are  thus  com- 
pleted, and  are 

^010   =  A2<°'.X-i2(cor)  +  A3""Xi3(a>r)  +/i(a;r),         (32) 
lAoio  =  A2"".r32(cor)  +  A3<''>X33(o;r)  +fiiwT). 

The  solutions  of  equations  (14)  are  obtained  in  a  simi- 
lar way.  The  important  difference  lies  in  the  right  hand 
members.  A  beginning  is  made  by  expanding  Uo  in 
powers  of  ro.     Thus, 

L^o  =  1  +  i[l  -F3cos2^„]?V 

-I-  J  [3  cos  <p„  -{-  5  cos  3^oo]  ro^  +  •  •  ■  . 

Here  it  has  been  assumed  that  ro  <  1  i.e.  less  than  the 
radius  vector  of  Jupiter.  For  small  planets  outside  the 
orbit  of  Jupiter  the  expansion  would  be  made  in  powers 
of  l/ro.  The  general  formulas  for  cos  mipo,  sin  m(po  and 
ro"  (m  and  n  being  integers)  are  as  follows: 


cos  cos  ,    ,  ,  .    , 

sm  sm 


m    .     (m\  —  niT  -\-  mo^r  —  cot)  +  m    .      (.m\  —  hit  -\-  dicot  -\-  cot) 
sm  sin 


co^  cos 

( —  hn  +  hn})    .  "  (?n\  —  mr  +  »><^t  —  2cot)  —  m^  .     (m\  —  mr  -\-  mwr) 
sm  sm 


+  (fwi  +  hm-)    .  '"  (m\  —  7117  -\-  mo3T  -\-  2cot) 
sm 


+ 


tCOS  COS 

(—  \\m  +  f«i^  —  Inf)    .^^    (m\  —  jut  +  mwr  —  3cot)  +  {^yn  —  f/»-  +  A'«')  ^;^  {niX  —  mr  +  mwT  —  cot) 


sm 


cos 
-j-  (  —  hn  —  im~  —  hm^)    .     {m\  —  mr  +  nuxiT  -\-  wt) 

sm 

-\- {^m -\- im"  +  \m?)  ^.°^  (mX  -  mr  +  m<^T  +  Scot)    e^  + 
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T-o"  =  a„"  \l  +  [—  n  cos  ot]  e  +  [  K"  +  n-)  +  i(  —  Zn  +  n')  cos  2a!T] e^ 

+  [i  (3m  +  n-  —  n')  cos  cot  +  j'^  (  — 17;;  +  9""  —  "''')  cos  Surje'' 

+  [b-V  (20;;  -  19;;-  -  2n'  +  ;;■•)  +  4V  (22n  -  n'-  -  Qn^  +  n')  cos  2<or 

+  tJs  (  -  142;;  +  95/;=  -  18n3  +  ;;■')  cos  4<jt]  e'  +  ■  ■  ■  \  . 

The  right  hand  members  of  equations  (14)  after  ilivichng  the  second  by  ;-o  are 

G  =  '--  =  i  [1  +  3  cos  2v»oJ;-o  +  |[3  cos  <fo  +  5  cos  3<^o]  ;-o-  +  tV  [9  +  20  cos  2^„  +  35  cos  4^o];-„-^  +  •  •  ■   . 
^;"o 

H  =  —„  =  -  \  *sin  2s?o  +  ^[sin  s?„  +  5  sin  3ss,i]  '-o  +  j\  [2  sin  2,^0  +  "  sin  ■i^o']ra-  +  ■  •  ■  i   ■ 

The  development  of  the  particuhir  integrals  (proceeds  ;is  Ijefore,  they  are  found  to  lie 

(33) 


F,  = 


2a„ 


+ 


(  ^  ^  3  )  /  ■)  \' 


g/3sin/3 


r  -f 


+ 


2flo= 


+ 


9  _   _^ 9 3  ^  /  2  \        1 

/      o         \  /      2         \  /     2        \2  /      2         \   -   sin  I  2X 13+  2ji )  —  o'^ 

<-:-')    -(-r.+-)    <-.^+-)    <~,^+^)^    '^     "     ^  -_ 


+ 


15 


+ 


63 


+ 


27 


«™^-''""'H<-D"K-!-)^<-^0'^ '(--;-)    '(-!-)' 


T,     + 


to'' 


+ 


•In  onsc  u  =  3/2  the  tPrms  marked  are  replacetl  by  +  Jf  ,9  sin  (3X  +  ,3)      ami      +  \S  ?  cos  (3X  +  ,9) 
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In  the  computations  the  F,  were  all  obtained  separately 
and  then  checked  by  the  relations  Fi  =  F-z,  F3  =  f  4. 
The  general  solutions  of  (14)  are 


(34)  .r,-  =   2  K/o'x,,  +  F,  ii  =  1,  2,  3,  4). 


Under  the  initial  conditions  (9)  the 

X,  (0)  =  0  a  =  1,2,  3,  4)  , 

and  on  choosing  perihelion  on  the  line  joining  the  (Sim 
and  Jupiter  at  /3  =  0,  that  is, 

X  =  0 

the  K,  are  found  exactly  as  in  (31)  except    that   the  F,  i 
replace  the  /,.     The  solutions  of   (14)   are  found    to   be, 
therefore, 

(35)  eooi    =  A%<°'.r,2(coT)  +  A-:,"".r,3(cor)  +  F,(a;r)  , 

.pooi  =  A'2""a-32(ajr)  +  A'3"".r3,(a)r)  +  ^^(cor)  . 

The    solutions    of    eciuations    (15)    may    be    develojied 
similarlv  with  the  initial  conditions 


These  equations  can  be  solved  for  a  and  8  as  power  series 
in  IX,  vanishing  with  ju. 


(a) 
(b) 


a  =   2  ajii'  , 
5  =  I  S.M-'  , 


(37) 


x.(0)  =  0 


0:4(0) 


15 


oo- 


('  =  1.  2,  3), 


En  , 


and  so  on.  Thus  we  may  proceed  sequentially  to  the 
solutions  of  the  infinite  set  of  differential  equations. 
The  solutions  (17),  (32),  (35),  etc.,  are  now  substituted 
in  (11)  as  the  successive  coefficients  of  the  power  series 
in  a,  d  and  /u.  Equations  (11)  thus  formed  are  the  solu- 
tions of  equations  (10). 

Let  us  now  impose  the  conditions  that  the  motion  of 
the  small  planet  shall  be  periodic.  Suppose  the  mean 
motion  is        .  . 

CO  =  q/p, 

where  q  and  p  are  integers,  q  >  p  for  small  planets  within 
the  orbit  of  Jupiter  and  9  <  ^  for  those  wthout.  Suffi- 
cient conditions  for  periodicity*  are 


(36) 


^ipir)  =  r,  ipw)   =  0 


*MouLTON,  "Closed  Orbits  of  Ejection,"'  loc.  cit.  Section  12. 


provided  the  JacolMan  is  different  from  z(M'o.  On  carry- 
mg  out  the  computations  the  Jacobian  is  found  to  be 

—  Ig^TT^  e  cos  qrr  P{e)   , 

where  P{e)  is  a  power  series  in  e.  The  Jacobian  van- 
ishes with  e,  that  is,  the  generating  solution  must  be 
an  elliptic  one*.  To  make  the  period  in  r  equal  to  the 
period  in  t  ])uf, 

5  =  0.  (38) 

This  equation  can  be  used  to  determine  e  in  terms  of  m- 
For  on  dividing  by  yu  equation  (38)  becomes 

.1=1 

where  tlie  5;  are  power  series  in  cia  with  coefficients  which 
are  power  series  in  e.  On  putting  61  =  0,  there  is  ob- 
tained an  equation  of  the  form, 


0 


7=0 


(39) 


in  which  the  Aj  are  power  series  in  Oo.    From  (39)  the  value 
of  e  for  the  generating  solution  is  to  be  obtained,  call  it 


Then  on  substituting 


eo  . 


e  =  e<i  +  t 


(40) 


(41) 


in  (39),  this  eriuation  becomes  a  power  series  in  t  and  ^i 
vanishing  with  t  and  yu  and  therefore  can  be  solved  for  e 
as  a  power  series  in  ii,  vanishing  with  ti.  Thus  the 
expression  (41)  for  e  in  the  three  bodj'  problem  is  of  the 
form 


e  =  eo  -t-  S  e,M'  • 


(42) 


The  solution  of  the  proljlem  announced  would  now  be 
completed  tjy  substituting  in  (11)   the  value  of  a  from 


*In  a  paper  entitled,  "The  Problem  of  Three  Bodies  with  Appli- 
cation to  the  Lunar  Theory,"  {American  Mathematical  Society 
Transactions,  Vol.  7,  1906)  Professor  MotrLTON  developed  periodic 
orbits  for  all  cases  of  commensurabiUty  except  for  those  in  which 
the  numerator  and  denominator  of  the  ratio  of  the  mean  motions 
differ  by  unity.  The  circle  served  as  the  generating  conic  in  this 
investigation.     The  present  paper  treats  the  exceptional  case. 
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(37a)  and  5  =  0,  then  add  (11)  to  the  generating  solu- 
tions to  form  (8)  substituting  t  ~  T  ior  t  and  for  e  the 
series  (42). 


Part  II.     Application  to  the  Hilda  Type 

The  aim  throughout  the  general  investigation  was  to 
develop  a  periodic  orbit  for  small  planets  of  the  Hilda 
type,  that  is,  for  small  planets  whose  mean  motion  is 

O)  =  f  . 

PoiNCARE  suggested  analj^ic  continuation*  for  Hilda's 
motion  but  the  general  development  given  here  does  not 
apply.     The  difficulty  is  essentially  the  same  that  G.  W. 


Hill  encountered  in  his  Memoir  No.  72 1  in  which  he 
attempted  to  determine  the  eccentricity  of  the  generating 
ellipse  in  the  cases  2/1  and  3/1  from  the  velocity  of 
the  longitude  of  perihelion  under  perturbations  of  the 
first  order.  Hill  finally  resorted  to  mechanical  quadra- 
ture in  both  cases.  In  the  case  3/2  the  expansion  of 
the  perturbative  function  converges  very  slowlj'  J  due 
to  the  large  ratio  of  the  mean  distances  but  in  the  case 
of  the  periodic  orbit  the  value  of  the  eccentricity  is  so 
large  that  the  orbit  crosses  the  circle  of  Jupiter's  motion 
and  consequently  the  series  in  the  ratio  of  the  distances 
diverges.  The  difficulty  lay  in  determining  eo  (40)  from 
the  series  (39)  which  in  the  case  co  =  3/2  to  the  fifth 
power  of  e,  except  for  a  constant  factor,  is 


")  iti  til  »i 


(43) 

where 

(44) 

j¥,;."  =  m  {in  +  1)  ,         MJ,^'  =  m  {m^  -  2m'-  +  18w  -  71)  .  3/„!"'  =  m  {m'  -  9m'  +  5c>m'  -  l9om-  -  8.54/x  -f-  3162)  , 

Mr  =  "'  +  «  ,  ^l:r'  =  3//('  +  lorn-  -  53//(  -  420  ,         -l/J/'  =  .5»(°  -  2l5m'  +  358/«=  -  8358/»  +  15504  , 

l-3-5---(m  +  2)-l-3-5---(m  -4)  /1-3-5- •  •(«i-l)Y- 


P3  =  ^  ,  a„  =  .76290  ,  p„ 


m  +  3  I     m  —  3 


f      2" 


P.«=e 


2-4-6---  m 


On  substituting  (44)  in  (43)  ami  computing  in  all  some 
one  hundred  and  twenty  separate  terms  so  that  the 
coefficients  of  e  up  to  the  fifth  power  \\()ul(l  be  correct 
to  five  significant  figures,  it  was  found  that 

0  =  1.7374  -  1.9830  e.+  4.2183  e-'-  10.885  e' 

-I-  76.234  e*  -  133.62  e^  4-  •  •  •   . 

The  sequel  will  show  this  series  to  be  divergent. 

Part  III.     Periodic  Orbit  kor  the  Hilda  Type 

To  obtain  a  jicriodic  orbit  for  the  case  3/2,  we  adopt 
mechanical  quadrature.  The  eccentricities  of  the  gen- 
erating ellipses  chosen  for  the  first  two  investigations 
were  e  =  .40  and  e  =  .45.  These  values  were  selected 
after   following    the   character   of    the   pert  urinations    by 


rough  geometrical  constructions  in  fixed  axes.  That  the 
correct  value  was  so  nearly  guessed  was  somewhat  acci- 
dental. The  investigation  is  made  from  the  standpoint 
of  variations  about  the  elliptic  orbit  in  which  the  small 
planet  is  attracted  l)v  the  ^un  alone  ami,  a.s  will  be  seen 
later,  only  the  terms  in  the  first  power  of  the  variations 
and  the  terms  indepcnident  of  the  variation-;  involving 
the  mass  of  Jupiicr  are  included.  However  as  the  varia- 
tions from  th(>  elliptic  orbit  are  so  very  small,  it  seems 
that  the  complete  solutions  can  not  be  materially  different 


*Mec.aniquc  Celeste,  lot',  cit..  Vol.  I,  p.  1.54. 

i  Collected  ]Vorkx,  Vol.  1\',  ]>.  2.54  (Carnppie  In.stitiition  of  \Vj\.><h- 
ington). 

t  Pn()FK..s.sou  Laves  iliscus.-<cd  this  slow  coiivitkoiici'  in  his 
article  on  the  "Orbit  of  the-  Minor  Planet"  ('.i'M)  in  the  Chicago 
Decennial  PublicaiioHs,  First  Series,  \'ol.  N'lII  (University  of  Chi- 
cago Press). 
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trom  the  solutions  set  forth.  For  many  valuable  sugges- 
tions in  this  whole  investigation,  the  writer  is  much 
indebted  to  Professor  Moulton.  In  his  lectures  on 
Analytic  Differential  Equations  given  in  the  winter  and 
spring  of   1914-1015,  he  developed  the  theoretical  basis 


for  the  formula  of  mechanical  quadrature  used  here  and 
the  proof  that  starting  with  given  initial  conditions  and 
proceeding  by  a  finite  number  of  steps  sufficiently  small, 
the  solutions  of  the  differential  equations  are  obtained. 
The  fornmla  for  mechanical  quadrature 


fKx)dx 


^  f(u  +  a>) 


:,/,(«  +  Ao)) 


-h(a) 


M'f 


.Ma 


-Ji(a 


is,  except  for  tlie  interval  co  instead  of  the  unit  interval, 
the  same  formula  which  Sir  Ci.  W.  Darwin  used  in  his 
famous  Memoir  on  Periodic  Orbitfi*  in  which  he  dis- 
tributed the  masses  of  the  two  finite  bodies  in  the  ratio 
1  :  10.  In  this  paper  the  masses  are  in  ratio  1  :  999, 
that  of  Jupiter  n  =  .001  and  the  Sun  a  =  .999.  In  the 
formula,  /  (a)  and  f  (n  -\-  ui)  represent  the  values  of  the 
function  at  the  beginning  and  end  of  the  interval  oj  over 
which  the  integration  takes  place.  The  expressions  with 
subscripts  denote  the  successive  differences  as  exhibited 
in  the  following  table;  each  difference  is  obtained  by 
subtracting  the  two  quantities  to  the  left,  the  one  above 
from  the  one  below. 


/(«  -  2co) 
/(a  -  c) 

/(a  +  c.) 
/(«  +  2co) 


fi{a  —  m) 
fi{a  -  ^w) 
fi{a  +  ^u) 
Ma  +  ico) 


Ma  -  co) 
Ma) 
Ma  +  w) 


Ma  -  .W) 
Ma  +  io)) 


Ma) 


In  the  application  of  the  formula  the  first  three  terms 
were  sufficient  except  while  the  small  planet  was  near 
perihelion  passages  and  then,  though  the  interval  oi  was 
taken  one-half  as  large  as  in  the  rest  of  the  orbit,  the 
fourth  terms  sometimes  played  a  part.  For  interpola- 
tion to  determine  the  time  and  angle  at  which  the  small 
planet  passes  aphelion  at  the  midperiod,  Newton's  well 
known  formula 


fix)  =  /(«)  +  xf,{a  +  h)  + 


x(x  —  1) 
~~2l 


Ma  +  1) 


+  <--'^^--^^  /3(„  +  ,)  + 


was  adojjted.  To  simplify  the  numerical  computations 
the  interval  o  was  temporarily  replaced  by  unity.  The 
terms  written  were  sufficient. 


The  Differential  Equations 

The  differential  equations  (4)  referred  to  rectangular 
coordinates  rotating  with  period  27r,  for  the  motion  of  the 
small  planet,  become 


X  =  2y  +  ix  -  ^)  -  — 


R' 


(45) 


y  =  -  2.T  +  y  -    ^  -% 


r  and  R  represent  the  distances  from  the  small  planet  to 
Jupiter  and  the  Sun  respectiveh'.     Let 


X   =  Xo  +  ^ 

!l  =  .1/0  +  V 


(46) 


where  Xa  and  yo  are  the  solutions  of  the  two  body  ]jroi)lem, 
i.e.,  with  M  =  0.     Thus 


Xa  =   2ya  +  Xu  —    ^     ) 
Ho  —         -^Xo  -f-  i/o  —    -75- 

'^0 


(47) 


On  substituting   (46)    in   (45)    and  subtracting    (47)    the 
equations  in  the  variations  f,  r;  are 


(48) 


t^  =  2r)  -F  t  _  ^  _  ^  J 


Xu   +    ^ 


[(Xo  +  i)'  +  (?/o  +  r,rT-  >V 


Xo  +  g  -   1 

I  [(.r„  +  ^)-  +  ((/„  +  r,)^'  -  2(3-0  +  0  +  1]' 


xo  f  5    .ru  +  g  -  1 I 

t^     i    r/^        I      f^2      I       /.,        I      _A2  Ol'^      _L    t\    _L    J"|8/2    ( 


=    -  2^+  V  -  <r 


-.  3 


y«  +  V 


y» 


I  [(x„  +  ?)=  +  (//„  +  v)'!""         ro' 


> 


2/0  +  1; 


} 


}  [ixo  +  ^y  +  (yo  +  v)'  -  2(.r„  +^)  +  l)T"  ^ 


*Acta  Mathematica,  Vol.  XXI,  p.  99  and  Scientific  Papers,  Vol.  IV,  Part  1. 
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If  equations  (48)  are  now  expanded  in  powers  of  ^  and  v,  and  the  products  of  J,  -n  and  n  are  neglected,  they  become 


(49) 


^   =   2r,+ 


1  +  cr 


/2xo-  —  j/Q- 


^      .  3Xo(/o 

I  +  <7  — — i;  —  M 


'•o" 


r,=   -2^  + 


l  +  <r 


2yo^  -  xo' 


ri  +  a 


Sxoyo  ^ 


".To  —  1 


15. 


+  1 


For  the  purpose  of  simplifying  the  numerical  computa- 
tions the  scale  of  ^  and  t;  is  increased  by  the  factor  1000, 
and  the  following  abbreviations  made. 


P..>.,(-^'), 

-.='-e-^^> 

B.-1000,(\.'  +  .). 

a;o  —  1 

«■■="»»'' S  =    1?  • 

„    _  3o-Xo2/o 

+  1 , 


Till'  differential  equations  (49)  then  become. 


(50) 


t  =  2ri  +  Pi^  +  Qv.-  B.  , 

II  I 

r,  =   -2|  +  PsT?  +  Qi-  B, 


The  problem  i.s  to  determine  the  solutions  of  these  equa- 
tions such  that  [  see  (36)  ] 

?  (2^)  =  „  (2x)  =  0  , 

that  is,  such  that  tlic  disturbed  small  planet  crosses  the 
line  joining  Jupiter  and  the  Sun  at  the  midperiod  per- 
pendicularly and  at  the  same  time  as  the  undisturbed 
small  planet. 

The  J.vcobi  Integral 
Tlic  Jacobi  Integral  of  equations  (45)  is, 


(51) 


X-^  +  y^-ix-^f-tf-'^-^-    2^  +  r  =  0  . 


Again  substitute 


.T   =   Xo  +   ?, 

i/  =  2/0  +  J), 


I  I 


and  neglect  products  of  $,   ^,   ??,   ??  and  ix.     The  integral 
then  is 


(52) 


I  I 


II  t     r 


x^^  -h  2/0-  +  2(xo?  -I-  yav)  —  '•q-  -  2{xai,  +  yov) 


2<T    ,     2a  f 


-\-  2X0/"  -     ;     +  -5    XoS  +  Z/o'?     -   ^  -h  C   =   0 


'•o        ro- 


V 


2^ 


From  the  relations 

'  I 

(Xo  —  2/o)-  +  (xo  +  ya)-  =  <r 


R 


'    -M 


To       a  J 

a;o2/o  —  yo-Tp  =  J'oVo  =  ro-t'o  —  Co"  =  Vo-a(l  — e^)  —  j-q", 
in  the  two  body  problem,  tiie  integral  (52)  simplifies  to 


(53) 

^-•o$  + 2/017+^2:0-  „- JM  -  n  —  Tsjf-^'t'^  +  .V'"?)  +^'  =  0  , 


in  which 


2A'  =  C  -  2  Vffa  (1  -  6=)  _  <r/o  . 


As  the  small  planet  is  always  started  at  perihelion  and  on 
the  line  joining  the  Sun  and  Jupiter, 


but 


-To  =  2/0  =  «  =  $  =  '?  =  0  (/=  0)  , 


nW, 


is  left  at  choice.     On  ajihelion  passage  at  tlic  midperiod 

Xo  =  yo  =  0  (l  =  25r)  . 
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Equating   the   expressions   for   the   Jacobi   Integral    (53) 
at  these  two  epochs  there  results 


(54) 


_/)o'i-(l-j)^o«+(:i-o-7^jM_ 


ijon+[xo 


/?( 


This  relation  (54)  serves  as  a  check  formula  for  all  tht 
computations. 

The  Tables  Employed 
The  interval  co  used  in  the  following  orbits  is 

0,  =  2°  =  .0349, 

when  the  small  planet  was  near  perihelion,  in  other  part 
of  the  orbits 

0,  =  4°  =  .0698  . 

A  table  for  the  auxiliarj-  functions  Pi,  P3,  Q,  B2,  B^  was 
first  made  Astrand,  Htilfstafeln  zur  Auflosung  des 
Kepler"schon  Problems  were  used  to  find  fo  from  the 
relation, 

fo  =  fl  (1  —  e  cos  E)  , 

and  the  Schlesinger  and  Udick,  Tables  for  the  True 
Anomaly  in  Elliptic  Orbits  were  employed  in  tabulating 
the  values  of  .To  and  yo  from  the  equations, 

.I'o  =  ''o  COS  ipo  =  fo  cos  ((^0  —  t)   , 
ijo  =  /'o  sin  ipn  =  ro  sin  (I'o  —  t)  . 

The  computations  for  the  auxiliary  functions  are  then 
obvious.  To  utilize  the  check  formula  (54)  and  to  de- 
termine the  angle  at  -which  the  small  planet  crosses  the 
axis  Ox  at  the  midperiod,  the  values  of  Xo  and  yg  were 
found  from, 

II  I 

.To  =  ''o  COS  (fo  —  To  <po  sin  ipo  , 

I         I  I 

j/o  =  ''o  sin  ipo  +  ro  ipo  cos  tpo  , 


3) 

e 

=  .40 

(1) 

„(0)  = 

+  .000000 

( 

352 

356 

3()0 

-| 

yo 

-.0443 

-.0220 

+  .0000 

^0 

V 

-.0100 

-  .0099 

-.0099 

he 

y 

-.0543 

-.0319 

-.0099 

Xo 

-.1088 

-.0621 

+  .0000 

I 

+  .0026 

+  .0026 

+  .0026 

X 

-.1062 

-  .0595 

+  .0026 

yo 

+.3087 

+  .3164 

+  .3138 

•ts 

1 

+  .0013 

+  .0008 

+  .0003 

1 

y 

+  .3100 

+  .3172 

+  .3191 

with 
and 


'■0 


<Po   —  i'o 


364 

368 

+  .0220 

+  .0443 

-.0099 

-  .0099 

+  .0121 

+  .0344 

+  .0621 

+  .1088 

+  .0026 

+  .0026 

+  .0647 

+  .1114 

+  .3164 

+  .3087 

-.0002 

-.0007 

+  .3162 

+  .3080 

I       I       I 


In  the  tables  below,  the  values  of  yo,  -r),  y,  Xn,  J,  x.  ya, 
i]  y,  are  tabulated  at  the  last  five  epochs  computed  for 
the  three  families  of  orbits  about  e  =  .40,  e  =  .45,  and 
6  =  .47.  The  results  are  given  and  nvmibered  in  the  order 
found. 


The  time  T  and  the  angle  (p  at  which  the  .small  planet 
passes  apheUon  are  now  obtained  as  follows.  T  is  the 
time  for  which  y  =  0.  This  is  found  by  applying  New- 
ton's formula 

y  =  0  =  -  .0543  +  .0224/  -  '^^1(1  -  1) 

The  root  of  this  equation  is  2.4534  and  therefore  the 
planet  passes  across  the  axis  Ox  at  .4534  X  .0698  greater 
than  27r,  thus 

T  =  27r  +  .0316. 

The  X  and  y  components  of  the  velocity  at  t  =  2.4534 
are  also  found  by  means  of  Newton's  formula,  we  have 

v^  =  -  .1062  +  .0467  t  +  -^^  t  it  -  1) 


9  » 


^°°?<«-l,«-2) 


.0053 


+  .0165 


v„  =  +  .3100  +  .0072/  --^^^tit  -  1) 
3 


+  '^t{t-  m-2)  =  +.3183  . 


As 


tan  4'  =  v,j/v, 
^  =  87°  2'  . 


The  check  formula  for  e  =  .40  is 


[.3188?)  +  .1924?  -  .00155]  =  [1.28977?  -  .00139] 

t=in  1  = 
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In  the  orbit  above,  the  left  and  right  members  have  the 
values  —.00143  and  —.00139  respectively. 


(2) 

v 

y 

I 

? 

I 
X 

I 
V 


^(0)  =  +  .001000 


352 
+  .0079 

-.0364 

-.0009 

-.1097 

+  .0067 
+.3154 


.■35<i 
+  .0084 

-  .0136 

-  .0007 
-.0628 
+  .0069 
+  .3233 


300 
+  .0089 

+  .0089 

-  .0005 

-  .0005 
+  .0071 


364 
+  .0094 

+  .0314 

-  .0003 

+  .0618 


3(58 
+  .0099 

+  .0542 

-  .0001 

+  .1087 


+  .0073       +.0074 


+  .3259       +.3237       +.3161 


T  and  i^  are  found  as  before, 


.0003 


y  =  0  =  -  .0364  +  .0228/  -  '^^t  {t  -  1) 

t  =  1.6037 


+    ■^t,t-l)H-2), 


T  =  2tt  -  .0277  . 


0154 


V, 


-  .1097  +  .0469  <  +  '^-^^t{t  -  1) 

0154 
-  '^tii-  1)  a  -  2)  =  -  .0260 


+  .3154  +  .0079/  - 


.0053 

9  t 


tit  -\) 


+  -^t{l-\){t-2)  =  +.3255  . 

r/-  =  94°  34'  . 

The  check  formula  lias  the  values  -.OOOlHi  and  -.00010 
on  the  left  and  rifjlit,. 


(3)                                 r,(0)  =  +.(H)0.-)()() 

/                   352                  3.i6  ■      3(i0  3()t  308 

■n  -.0014  -.0011  -.0009        -.0007        -.0005 

y  -.0457  -.0231  -.0009        +.0213        +.0438 

^  +.0009  +.0010  +.0011          f.()()12         1.0013 

X  -.1079  -.0()11  +.(i(»ll        +.0633        +.1101 

i  +.0037  +.0036  +.0034 

il  +.3124 


0004 


2/  =  0  =  -  .0457  +  .0226/  -  '^^t{t  -  1) 

+  '^t{t-  \){l-2)  ,         t  =  2.0407. 


7'  =  27r  +  .0028  . 
-  .1079  +  .0468/  +   '^^t{i  -  1) 

-  '^iit  -  1)  (/  -2)  =  +  .0038  . 


..3124  +  .0070/  -   -^tU 


1) 


+  "gT'f'  -  J)  «-2)  =  +.3222  . 
lA  =  89°  19'  . 

The  values  of  the  cheek  fornuila  on  the  left  and  right  are 
-  .00080  and  -  .00075. 


+  .0032   +.0030 


+  .3200   +.3222   +.3196   +.3117 


(4) 
( 

V 

y 

I 
X 

I 

■n 

I 

y 


r,{0)   =  +.000600 


3.52 
+  .000() 

-.0437 

+  .0007 

-.1081 

+  .0043 

+  .3130 


356 

+  .0009 

-.0211 
+  .0008 
-.0613 
+  .0042 
+  .3206 


7/  =  0  = 


300 
+  .0012 

+  .0012 

+  .0009 

+  .0009 

+  .0041 

+  .3229 

.0003 


364 
+  .0015 

+  .0235 

+  .0(110 

+  .0631 


368 
+  .0018 

+  .0461 

+  .0011 
+  .1099 


.0437  +  .0226/  -  "^^  t  it 


.0003 


_^,  /(/-l)(/-2), 
r  =  27r  -  .0038  . 


+  .0040   +.0039 
+  .3204   +.3127 

-  1) 
/  =  1.9161  . 


v^  =    -    lOSI  +  .0468/  +  '^rt{t  -   1) 
-■^ti,-V)it-2)  = 


V,  =  +  .3130  +  .0076/  -  ■""'J'^  (/  -  1) 
.0005 


.0027 


+  .",/(/  -  1)  (/  -  2)  =  +  .3229  . 
^  =  90°  29'  . 
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The  left  and  right  members  of  the  check  formula  are 
-.00065  and  -.00062. 


(5) 


7,(0)  =  +.000.560 


V 

y 


.352 
+  .0000 

-  .0443 

+  .0006 

-.1082 

+  .0044 

+  .3131 


356 
+  .0003 

-.0217 

+  .0008 

-.0613 

+  .0042 

+  .3206 


360 
+  .0006 

+  .0006 

+  .0009 

+  .0009 

+  .0041 

+  .3229 

.0003 


364 
+  .0009 

+  .0229 

+  .0010 

+  .0631 

+  .0040 

+  .3204 


368 
+  .0012 

+  .0455 

+  .0011 

+  .1099 

+  .00.39 

+  .3126 


jy  =  0  =  -  .0443  +  .0226  t  -  '-^  t  (t  -  1) 

+  '^t{t-  l)U-2)  ,  t  =  1.9730 


r  =  27r  -  .0019  . 


V,  =   -  .1082  +  .0469 <  +  '^^i{t 


-  1) 

2)  =   -  .0008 


r,  =  .3131  +  .0075/ 


.0JD5^ 
2! 


tit-  I) 


+  -^nt~int-2)^+.,229 


^  =  90°  8'.5  . 

Both  members  of  the  check  furraula  have  the  same  value 
to  five  decimal  places,  viz.,  —  .00067. 


(6) 

I 

V 

II 

1 

s 
I 
X 

t 

y 


77(0)  =  +  .000547 


352 
-.0004 

-  .0447 

+  .0007 

-.1081 

+  .0042 

+  .3129 


356 
-.0001 

-.0221 

+  .0008 

-.0613 

+  .0041 

+  .3205 


360 
+  .0002 

+  .0002 

+  .0010 

+  .0010 

+  .0040 

+  .3228 


364 
+  .0005 

+  .0225 

+  .0011 

+  .0632 

+  .0038 

+  .3202 


368 
+  .0007 

+  .04.50 

+  .0012 

+  .1100 

+  .0037 

+  .3124 


0  = 


.0447  +  .0226  t  -  '^  t  {t 


+  -ff .« 


2! 

1)  (^  -  2)  , 

T  =  27r  -  .0007 


-  1) 

t  =  1.9901 


V,  =   -  .1081  +  .0468  <  +  '^5^  t  it 


-■^tit-mt 


1) 
2)  =  +  .00036 


V,  =  +  .3129  +  .0076/  -  '^^tit  -  1) 

+  '^t  {l~l)(t-2)  =  +  .32283  . 

4'  =  89°  56'.2  . 

Again  both  members  of  the  check  formula  agree  to  five 
decimal  places,  viz.,  —.00068. 

Interpolation  from  the  six  orbits  computed  about 
e  =  .40  indicates  that  the  initial  conditions  and  results 
for  a  periodic  orbit  would  be. 


(1) 
t 

yo 

V 

y 

k 

I 
X 

I 

yo 

V 

I 

y 


7,(0)  =  +.000551,        T  =  2w  -.0011, 
e  =  .45 
^(0)  =  +  .000550 


4^  =  90°  . 


352 
-.0555 

+  .0002 

-.0553 

-.1281 

-.0004 

-.1285 

+  .3890 

+  .0040 

+  .3930 


356 
-.0280 

+  .0004 

-.0276 

-.0632 

-.0003 

-.0635 

+.3984 

+  .0040 

+  .4024 


360 
+  .0000 

+  .0007 

+  .0007 

+  .0000 

-.0001 

-.0001 

+  .4013 

+  .0041 

+  .40.54 


364 

+  .0280 

+  .0010 
+  .0290 
+  .0632 
+  .0001 
+  .0633 
+  .3984 
+  .0041 
+  .4025 


368 
+  .05.55 

+  .0013 

+  .0.568 

+  .1281 

+  .0002 

+  .1283 

+  .3890 

+  .0041 

+  .3931 


y  =  0  =  -  .0.553  +  .0277 1  + 
.0006 


.0006 


3! 


2!  ^(^-1) 
t{t  -  1)  (t  -2)  ,  t  =   1.9783 

T  =  2Tr  -  .0015  . 
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J 285  +  .0650;  - 
,    .0016 


.0016,   ,       ,, 
-  1)  (t  -  2)  =   -  .0015 


V,  =  +  .4054  . 

4^  =  90°  12'.5  . 

The  check  formuhx  for  e  =  .45,  is, 

r.4014^  +  .2839t  -  .00158]  =  [1.4388^  -  .00130]  , 

which  for  the  orbit  above  has  the  values   —.00054  and 
-.00051  on  the  left  and  risht. 


(2) 


,(0)  =  +.000535 


t 

V 

352 
-.0001 

356 
+  .0002 

y 

-.0556 

-  .0278 

1 

-.0004 

-  .0003 

X 

-.1285 

-.0635 

V 

+  .0040 

+  .0040 

y 

+.3930 

+  .4024 

y  =  0  =  -  .0556  +  .0278^  + 


360  364  368 

+  .0005  +.0008  +.0011 

+  .0005  +.0288  +.0566 

-.0001  +.0000  +.0002 

-.0001  +.0632  +.1283 

+  .0041  +.0041  +.0041 

+  .4054  +.4025  +.3931 

.0005 


21 


^(^-1) 


.0005 


3! 

T  =  27r  -  .0012  . 

V,  =   -  .1285  +  .0650  <  -   '^^'t{t  -  1) 

+  f|«/r/-nu-2)  = 


/(/-  l)(<-2)  ,     t  =  1.9824 


-  .0012 


V,  =  +  .4054 


90°  10'.3  . 


The  check  formula  has  tiie  values  -.00055  and  -00053 
on  the  left  and  right. 


(3) 
/ 

y 

I 


1,(0)  =  +.000480 


352 
-.0012 

-  .0567 

-.0002 


356 

-  .0009 

-  .0289 
-.0001 


360 
.0007 


364 
-  .0004 


-.0007        +.0276 
+  .0001        +.0002 


368 
-  .0002 

+  .0553 

+  .0004 


t 

352 

356 

360 

364 

368 

X 

-.1283 

-  .0633 

+  .0001 

+  .0634 

+  .1285 

V 

+  .0037 

+  .0037 

+  .0037 

+  .0036 

+  .0036 

y 

+  .3927 

+  .4021 

+  .4050 

+  .4020 

+  .3926 

2/  =  0 


.0567  +.0278/  +^^/a- 


•2-K  +  .0012 


2.0175. 


.0016 


Vx  =   -  .1283  +  .0650/  -  '^^  t  (t  -  1) 

30 
3 


+  ^/ (/-!)(/ -2)  =  +.0012. 


r„  =   +  .4050  . 


89°  49'.6  . 


The  check  formula  has  the  values  -.00064  and  -.00061 
on  the  left  and  right. 


(4) 

m  = 

+  .000508 

/ 

3.52 

356 

360 

364 

368 

V 

-.0004 

-.0001 

+  .0002 

+  .0005 

+  .0008 

y 

-  .0559 

-.0281 

+  .0002 

+  .0285 

+  .0563 

e 

-  .0003 

-.0001 

+  .0000 

+  .0002 

+  .0003 

1 
X 

-.1284 

-  .0633 

+  .0000 

+  .0634 

+  .1284 

+  .0042 

+  .0042 

+  .0042 

+  .0042 

+  .0042 

y 

+  .3932 

+  .4026 

+  .4055 

+  .4026 

+  .3932 

y  =  0  =   -  .0559  +  .0278  /  + 


.0005  , 


oT  '(' 


1) 


Hx    = 


-   '^^t  (/  -  1)  (/  -  2)  ,      /  =  1.9929  . 


r  =  27r  -  .0005  . 
.1284  +  .0651/  -    ""J^/O-  1) 


+  -l^N(,_n(/-2)  = 


.0004 . 


II,  =   +  .4055 


i  =  90°  3'.7  . 


PERIODIC   ORBIT   FOR   THE  HILDA    TYPE 


K 

®1 

' 

^ 

(^ 

% 

r 

» 
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•^ 

d 

^ 

• 

• 
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<? 

V 

t 

m 

i^ 
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,s 

o 

5 

.\ 

n 

• 

e 

1 

^ 

» 

> 

1 

® 

• 

' 

(^ 

/■ 
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® 

V 
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—  .00053  and  —.00057  arc  the  values  of  the  check  formula 
on  the  left  and  right. 

Interpolation   from    the    four   orbits   computed    about 
e  =  .45  leads  to  the  periodic  orbit, 


11.      77(0)  =  +.000500,         T  =  27r-.0001 

c  =  .47 

-.000480 


iP  =  90°. 


(1) 


r,(0) 


/ 

.352 

356 

360 

364 

368 

ya 

-  .0601 

-.0303 

+  .0000 

+  .0303 

+  .0601 

V 

-.0007 

-  .0004 

-.0001 

+  .0001 

+  .0004 

y 

-.0608 

-  .0307 

-.0001 

+  .0304 

+  .0605 

1 

3*0 

-.1127 

-  .0547 

+  .0000 

+  .0547 

+  .1127 

I 

-  .0006 

-  .0005 

-  .0003 

-  .0002 

-.0000 

X 

-.1133 

-  .0552 

-  .0003 

+  .0545 

+  .1127 

2/0 

+  .4233 

+  .4318 

+  .4345 

+  .4318 

+  .4233 

1 

V 

+  .0039 

+  .0039 

+  .0040 

+  .0040 

+  .0040 

1 

y 

■  +.4272 

+  .43.57 

+  .4385 

+  .4358 

+  .4273 

y  =  0  =   -  .0608  +  .0301/  +  -0005        _ 

2!      *■  ' 

■^^^^t{t-  l)(/-2)  ,       /  =  2.0033 


3! 


.0032 , 


v^  =   -  .1133  +  .0581/  -  ■-2l-'(<  -  1) 

OC 
3 


+  '^^  ( it  -  1)  (/  -  2)   =    -  .0001  . 


V,  =    \  .4385 

III.  r  =  27r  +  .0002  ,        i/'  =  90°  OO'.S  . 


The  check  formula  is 

[.4345^  +  .327U  -  .00159]  =  [1.5015^  -  .00127]  , 

?  — 2n-  r  — 0 

which  has  the  values  -.00052  and  -.00055.     This  orl)it 
III  is  almost  periodic  and  is  taken  as  such. 


Orbit  of  Type  3/2 

As  the  periods  of  the  orbits  I  and  II  are  too  short  and 
that  of  III  is  too  long,  the  existence  of  a  periodic  orbit 
of  period  4ir  is  demonstrated.  The  eccentricity  of  the 
undisturbed  ellipse  is  between  .45  and  .47  and  the  initial 
velocity  relative  to  this  ellipse  in  the  rotating  axes  is 
between  +.000500  and  +.000480.  As  the  tables  used 
tabulate  the  eccentricity  to  the  second  decimal  place 
only,  the  values  of  c  and  ?j(0)  chosen  are 

e  =  .46     7^(0)  =  +.00049. 

The  accompanying  figure  presents  this  orbit.  The  O  and 
•  indicate  at  intervals  to  =  8°,  the  positions  of  the  un- 
disturbed and  disturbed  small  planet.  The  scale  of  the 
perturbations  is  increased  by  a  factor  10.  To  the  degree 
of  approximation  so  far  employed,  the  results  are, 


IV, 


90°  00'.8 


The  check  formula  for  e  =  .46  is, 
[.4177^  +  .3084  i,  -  .00159)]  =  [1.4702  t^  -  .00129]  , 

which  for  the  orbit  computed  has  the  value  —.00058  on 
the  left  and  —.00057  on  the  right. 

On  interpolation  from  the  periodic  orbits  I,  II,  III 
and  IV  more  accurate  initial  conditions  for  the  motion 
of  type  3/2  are 

e  =  .457,     r)(0)  =  +.00049. 


T.\BLEs  FOR  Type   3/2  under  First  Order  Perturbations 


/ 

k 

? 

? 

■n 

'! 

n 

.Cfi 

//.' 

.r 

V 

0 

+  2.9 

+  .00 

+ 

.00 

-   0.0 

+ 

.49 

+ 

.00 

+ 

.4119 

+ 

.0000 

+ 

.4119 

+ 

.0000 

2 

+  2.9 

+  .10 

+ 

.00 

—  .7 

+ 

.48 

+ 

.02 

+ 

.4103 

+ 

.0512 

+ 

.4103 

+ 

.0512 

4 

+  3.1 

+  .21 

+ 

.01 

-  1.1 

+ 

.45 

+ 

.03 

+ 

.4058 

+ 

.1018 

+ 

.4058 

+ 

.1018 

6 

+  3.3 

+  .32 

+ 

.02 

-  1.4 

+ 

.40 

+ 

.05 

+ 

.3986 

+ 

.1513 

+ 

.3986 

+ 

.1514 

8 

+  3.4 

+  .43 

+ 

.03 

-  1.4 

+ 

.35 

+ 

.06 

+ 

.3890 

+ 

.1992 

+ 

.3890 

+ 

.1993 

10 

+  3.4 

+  .55 

+ 

.05 

-  1.2 

+ 

.31 

+ 

.07 

+ 

.3774 

+ 

.2451 

+ 

.3775 

+ 

.2452 

12 

+  3.2 

+  .67 

+ 

.07 

-  1.0 

+ 

.27 

+ 

.08 

+ 

.3643 

+ 

.2890 

+ 

.3644 

+ 

.2891 

14  . 

+  3.0 

+  .78 

+ 

.09 

—  .7 

+ 

.24 

+ 

.09 

+ 

.3505 

+ 

.3307 

+ 

.3506 

+ 

.3308 

16 

+  2.6 

+  .88 

+ 

.12 

-  .5 

+ 

.21 

+ 

.10 

+ 

.3360 

+ 

.3701 

+ 

.3361 

+ 

.3702 

20 

+  1.8 

+  1.03 

+ 

.19 

-  .3 

+ 

.19 

+ 

.11 

+ 

.3066 

+ 

.4428 

+ 

.3068 

+ 

.4429 
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Tables  for  Type  3/2  under 

First  Order  Perturbations — Continued 

t 

II 

t 

t 

s 

t 

s 

'7 

V 

V 

Xn 

2/0 

X 

,'/ 

24 

+ 

1.1 

+  1.13 

+  .26 

-  .3 

+ 

.17 

+  .13 

+ 

.2788 

+ 

.5078 

+ 

.2791 

+ 

.5079 

28 

+ 

.5 

+  1.18 

+  .35 

-  .4 

+ 

.14 

+  .14 

+ 

.2536 

+ 

.5665 

+ 

.2540 

+ 

.5666 

32 

+ 

.0 

+  1.20 

+  .43 

-  .6 

+ 

.10 

+  .15 

+ 

.2326 

+ 

.6195 

+ 

.2.330 

+ 

.6197 

36 

.3 

+  1.19 

+  .51 

-  .8 

+ 

.06 

+  .15 

+ 

.21.59 

+ 

.6677 

+ 

.2164 

+ 

.6679 

40 

— 

.6 

+  1.15 

+  ..59 

-  .9 

— 

.00 

+  .15 

+ 

.2034 

+ 

.7117 

+ 

.2040 

+ 

.7119 

44 

— 

.8 

+  1.10 

+  .67 

-  1.0 

— 

.07 

+  .15 

+ 

.19.55 

+ 

.7521 

+ 

.1962 

+ 

.7523 

48 

_ 

1.0 

+  1.04 

+  .75 

-  1.0 

— 

.14 

+  .14 

+ 

.1917 

+ 

.7894 

+ 

.1924 

+ 

.7895 

52 

— 

1.1 

+  .97 

+  .82 

-  1.1 

— 

.21 

+  .13 

+ 

.1921 

+ 

.8234 

+ 

.1929 

+ 

.8235 

56 

— 

1.2 

+  .89 

+  .88 

-  1.0 

— 

.29 

+  .11 

+ 

.1967 

+ 

.8545 

+ 

.1976 

+ 

.8546 

60 

— 

1.3 

+  .80 

+  .94 

-  1.0 

— 

.36 

+  .09 

+ 

.2046 

+ 

.8827 

+ 

.20.55 

+ 

.8828 

64 

— 

1.4 

+  .71 

+  .99 

-  .9 

— 

.42 

+  .06 

+ 

.2160 

+ 

.9078 

+ 

.2170 

+ 

.9079 

68 

— 

1.4 

+  .61 

+  1.04 

-  .8 

— 

.48 

+  .03 

+ 

.2305 

+ 

.9.305 

+ 

.2315 

+ 

.9305 

72 

— 

1.5 

+  .51 

+  1.08 

—  .7 

— 

.54 

-  .00 

+ 

.2481 

+ 

.9502 

+ 

.2492 

+ 

.9502 

76 

— 

1.5 

+  .40 

+  1.11 

-  .6 

— 

..58 

-  .04 

+ 

.2678 

+ 

.9667 

+ 

.2689 

+ 

.9667 

80 

— 

1.6 

+  .30 

+  1.14 

—  .5 

— 

.62 

-  .08 

+ 

.2899 

+ 

.9806 

+ 

.2910 

+ 

.9805 

84 

— 

1.6 

+  .18 

+  1.15 

-   .4 

— 

.65 

-  .13 

+ 

.3136 

+ 

.9918 

+ 

.3148 

+ 

.9917 

88 

— 

1.6 

+  .07 

+  1.16 

-  .3 

— 

.68 

-  .18 

+ 

.3386 

+ 

.9993 

+ 

.3.398 

+ 

.9991 

92 

— 

1.6 

-  .04 

+  1.16 

-  .1 

— 

.69 

-  .22 

+ 

.3656 

+  1.00.53 

+ 

.3668 

+  1.0051 

96 

— 

1.6 

-  .16 

+  1.16 

+  .0 

— 

.69 

-  .27 

+ 

.3927 

+  1.0075 

+ 

.3939 

+  1.0072 

100 

— 

1.6 

-  .27 

+  1.14 

+  .1 

— 

.69 

.-  .32 

+ 

.4205 

+  1.0070 

+ 

.4216 

+  1.0067 

104 

— 

1.6 

-  .38 

+  1.12 

+   .3 

— 

.67 

-  .37 

+ 

.4486 

+  1.0037 

+ 

.4497 

+  1.0033 

108 

_ 

1.6 

-  .49 

+  1.09 

+  .4 

— 

.65 

-  .41 

+ 

.4765 

+ 

.9977 

+ 

.4776 

+ 

.9977 

112 

— 

1.5 

-  .60 

+  1.05 

+  .5 

— 

.62 

-  .46 

+ 

.5055 

+ 

.9886 

+ 

.5065 

+ 

.9881 

116 

— 

1.5 

-  .70 

+  1.00 

+  .6 

— 

.59 

-  ..50 

+ 

.5311 

+ 

.9781 

-L 

.5321 

+ 

.9776 

120 

— 

1.4 

-  .81 

+  .95 

+  .7 

— 

.54 

-  .54 

+ 

.5.569 

+ 

.9645 

+ 

..5.579 

+ 

.9640 

124 

— 

1.4 

-  .91 

+  .89 

+  .8 

— 

.49 

-  ..58 

+ 

..5816 

+ 

.9491 

+ 

..5825 

+ 

.9485 

128 

— 

1.3 

-1.00 

+  .82 

+  .8 

— 

.44 

-  .61 

+ 

.6033 

+ 

.9320 

+ 

.6041 

+ 

.9314 

132 

_ 

1.3 

-1.09 

+  .75 

+  .9 

— 

.38 

-  .64 

+ 

.6257 

+ 

.9116 

+ 

.6265 

+ 

.9110 

136 

— 

1.2 

-1.18 

+  .67 

+  .9 

— 

.31 

-  .66 

+ 

.6449 

+ 

.8904 

+ 

.6456 

+ 

.8897 

140 

— 

1.2 

-1.27 

+  .59 

+  1.0 

— 

.25 

-  .68 

+ 

.6618 

+ 

.8676 

+ 

.6624 

+ 

.8669 

144 

— 

1.2 

-1.35 

+  ..50 

+  1.0 

— 

.18 

-  .69 

+ 

.67.59 

+ 

.8437 

+ 

.6764 

+ 

.8430 

148 

— 

1.1 

-1.43 

+  .40 

+  1.0 

— 

.11 

-  .70 

+ 

.6879 

+ 

.8192 

+ 

.6883 

+ 

.8185 

152 

_ 

1.1 

-1.51 

+  .30 

+  1.0 

— 

.04 

-  .71 

+ 

.6962 

+ 

.7929 

+ 

.6965 

+ 

.7922 

156 

— 

1.1 

-1.58 

+  .19 

+  .9 

+ 

.02 

-  .71 

+ 

.7021 

+ 

.7675 

+ 

.7023 

+ 

.7668 

160 

— 

1.1 

-1.66 

+  .08 

+  .9 

+ 

.09 

-  .71 

+ 

.7044 

+ 

.7413 

+ 

.7045 

+ 

.7406 

164 

— 

1.2 

-1.74 

-  .04 

+  .8 

+ 

.15 

-  .70 

+ 

.7034 

+ 

.71.53 

+ 

.7034 

+ 

.7146 

168 

— 

1.2 

-1.83 

-  .17 

+  .7 

+ 

.20 

-  .69 

+ 

.6968 

+ 

.6899 

+ 

.6966 

+ 

.6892 

172 

— 

1.4 

-1.92 

-  .30 

+  .6 

+ 

.25 

-  .67 

+ 

.6904 

+ 

.6648 

+ 

.6901 

+ 

.6641 

176 

— 

1.5 

-2.02 

-  .44 

+  .5 

+ 

.30 

-  .65 

+ 

.6783 

+ 

.6411 

+ 

.6779 

+ 

.6404 

180 

— 

1.7 

-2.13 

-  .58 

+  .4 

+ 

.32 

-  .63 

+ 

.6622 

+ 

.6186 

+ 

.6616 

+ 

.6180 

184 

— 

2.0 

-2.26 

-  .73 

+  .2 

+ 

.34 

-  .61 

+ 

.6417 

+ 

..5976 

+ 

.6410 

+ 

.5970 

188 

— 

2.4 

-2.41 

-  .90 

-  .1 

+ 

.34 

-  ..58 

+ 

.6170 

+ 

..5781 

+ 

.6161 

+ 

.5775 

192 

— 

2.9 

-2.59 

-1.07 

—   .5 

+ 

.33 

-  .56 

+ 

..5878 

+ 

.5607 

+ 

..5867 

+ 

.5601 

196 

— 

3.5 

-2.82 

-1.26 

-  1.0 

+ 

.28 

-  .54 

+ 

..5.536 

+ 

..5454 

+ 

.5523 

+ 

..5449 

200 

— 

4.4 

-3.09 

-1.47 

-  1.9 

+ 

.18 

-  .52 

+ 

.5146 

+ 

..5320 

+ 

.5131 

+ 

.5315 

204 

— 

5.3 

-3.43 

-1.69 

-  3.2 

+ 

.00 

-  .52 

+ 

.4703 

+ 

.5208 

+ 

.4(iS6 

+ 

.5203 

206 

— 

5.8 

-3.62 

.-1.82 

-  4.0 

— 

.13 

-  .52 

+ 

.4459 

+ 

.51.59 

+ 

.4441 

+ 

.5154 

208 

— 

6.3 

-3.84 

-1.95 

-  5.2 

— 

.28 

-  .52 

+ 

.4201 

+ 

.5111 

+ 

.4181 

+ 

.5106 

210 

— 

6.8 

-4.07 

-2.08 

-  6.7 

— 

.49 

-  .54 

+ 

.3927 

+ 

.5069 

+ 

.3906 

+ 

.5064 

212 

— 

7.1 

-4.31 

-2.23 

-  8.4 

— 

.75 

-  .56 

+ 

.3637 

+ 

..5030 

+ 

.3615 

+ 

..5024 

214 

— 

7.3 

-4.56 

-2.38 

-10.5 

— 

1.08 

-  .59 

+ 

.3329 

+ 

.4991 

+ 

.3305 

+ 

.4985 

216 

— 

7.2 

-4.86 

-2.55 

-13.1 

— 

1.49 

-  .64 

+ 

.3004 

+ 

.49.53 

+ 

.2978 

+ 

.4947 

218 

— 

6.7 

-5.06 

-2.72 

-16.1 

— 

2.00 

-  .70 

+ 

.2662 

+ 

.4912 

+ 

.2635 

+ 

.4905 

220 

— 

5.5 

-5.27 

-2.90 

-19.6 

— 

2.62 

-  .78 

+ 

.2302 

+ 

.4870 

+ 

.2273 

+ 

.4862 

222 

— 

3.4 

-5.43 

-3.09 

-23.4 

— 

3.37 

-  .88 

+ 

.  1923 

+ 

.4818 

+ 

.1892 

+ 

.4809 

224 

— 

.1 

-5.49 

-3.28 

-27.4 

— 

4.26 

-1.01 

+ 

.1.525 

+ 

.4760 

+ 

.1492 

+ 

.4750 

226 

+ 

4.8 

-5.42 

-3.47 

-31.0 

— 

5.28 

-1.18 

+ 

.1111 

+ 

.4688 

+ 

.1076 

+ 

.4676 

228 

+  11.4 

-5.14 

-3.65 

-33.9 

— 

6.41 

-1.38 

+ 

.()()81 

+ 

.4600 

+ 

.0644 

+ 

.4586 

230 

+  19.5 

-4.61 

-3.83 

-34.9 

— 

7.62 

-1.63 

+ 

.0236 

+ 

.4494 

+ 

.0198 

+ 

.4478 

232 

+28.8 

-3.77 

-3.97 

-33.2 

- 

8.82 

-1.92 

- 

.0220 

+ 

.4364 

— 

.0260 

+ 

.4345 
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Tables 

FOR  Type  3/2  under 

First 

Order 

Perturb.^tions  — 

Continued 

( 

11 

I 
f 

? 

1 

7 

V 

V 

Xj 

2/0 

X 

y 

234 

+38.2 

-2.60 

-4.08 

—  2 

7.9 

— 

9.89 

-2.24 

-   .0683 

+ 

.4208 

-   .0724 

+ 

.4186 

236 

+46.0 

-1.12 

-4.15 

-18.8 

-] 

L0.73 

-2.60 

-  .1147 

+ 

.4023 

-  .1189 

■  + 

.3997 

238 

+  50.5 

+  .57 

-4.16 

— 

6.4 

-] 

11.18 

-2.99 

-  .1608 

+ 

.3810 

-  .16.50 

+ 

.3780 

240 

+  50.6 

+  2.35 

-4.11 

+ 

7.7 

— 

11.16 

-3.38 

-  .2060 

+ 

.3567 

-  .2101 

+ 

.3.533 

242 

+45.7 

+4.05 

-4.00 

+■; 

1.3 

— 

L0.65 

-3.76 

-  .2495 

+ 

.3298 

-  .2.535 

+ 

.3260 

244 

+36.9 

+  5.50 

-3.83 

+  32.3 

— 

9.70 

-4.12 

-  .2911 

+ 

.3005 

-  .2919 

+ 

.2964 

246 

+  25.7 

+6.60 

-3.62 

+  39.5 

— 

8.44 

-4.43 

-  .3303 

+ 

.2695 

-  .3339 

+ 

.2651 

248 

+  14.1 

+  7.29 

-3.37 

+  4 

2.4 

— 

7.00 

-4.70 

-  .3670 

+ 

.2372 

-  .3704 

+ 

.2325 

250 

+  3.6 

+  7.60 

-3.11 

+  41.9 

— 

5.52 

-4.92 

-  .4010 

+ 

.2043 

-  .4041 

+ 

.1994 

252 

-  4.8 

+  7.57 

-2.85 

+38.7 

— 

4.10 

-5.09 

-  .4324 

+ 

.1711 

-  .4352 

+ 

.1660 

254 

-10.9 

+7.29 

-2.59 

+34.3 

— 

2.83 

-.5.21 

-  .4616 

+ 

.1382 

-  .4642 

+ 

.1330 

256 

-14.9 

+  6.83 

-2.34 

+  29.3 

— 

1.72 

-5.29 

-  .4884 

+ 

.1061 

-  .4907 

+ 

.1008 

258 

-17.3 

+  6.27 

-2.11 

+  24.3 

— 

.78 

-5.33 

-  .5135 

+ 

.0744 

-  .5156 

+ 

.0691 

260 

-18.2 

+  5.64 

-1.90 

+  19.8 

— 

.01 

-5.35 

-  ..5368 

+ 

.0441 

-  .5387 

+ 

.0388 

262 

-18.4 

+  5.00 

-1.72 

+  16.0 

+ 

.61 

-.5.33 

-  .5585 

+ 

.0151 

-  .5602 

+ 

.0098 

264 

-17.9 

+4.36 

-1.56 

+ 

2.7 

+ 

1.11 

-5.30 

-  .5792 

— 

.0125 

-  .5808 

— 

.0178 

266 

-16.7 

+  3.76 

-1.41 

+  10.0 

+ 

1.50 

-5.26 

-  .5987 

— 

.0387 

-  .6001 

— 

.0440 

238 

-15.5 

+3.20 

-1.29 

+ 

7.8 

+ 

1.81 

-5.20 

-  .6174 

— 

.0634 

-  .6187 

— 

.0686 

270 

- 14.3 

+  2.67 

-1.19 

+ 

6.1 

+ 

2.05 

-.5.13 

-  .6.3.53 

— 

.0867 

-  .6365 

— 

.0918 

272 

-13.0 

+  2.20 

-1.10 

+ 

4.8 

+ 

2.24 

-5.06 

-  .6527 

— 

.1082 

-  .6538 

— 

.1133 

274 

-11.8 

+  1.77 

-1.04 

+ 

3.7 

+ 

2.39 

-4.98 

-  .6697 

— 

.1282 

-  .6707 

— 

.1332 

276 

-10.6 

+  1.38 

-  .98 

+ 

2.9 

+ 

2.50 

-4.89 

-  .6863 

— 

.1469 

-  .6873 

— 

.1518 

280 

-  8.5 

+  .72 

-  .91 

+ 

1.9 

+ 

2.67 

-4.71 

-  .7180 

— 

.1797 

-  .7189 

— 

.1844 

284 

-  6.7 

+  .19 

-  .88 

+ 

1.3 

+ 

2.78 

-4.52 

-  .7492 

— 

.2068 

-  .7.501 

— 

.2113 

288 

-  5.3 

-  .23 

-  .88 

+ 

1.0 

+ 

2.86 

-4.32 

-  .7795 

— 

.2287 

-  .7804 

— 

.2330 

292 

-  4.0 

-  .55 

-  .91 

+ 

.9 

+ 

2.92 

-4.12 

-  .8091 

— 

.2453 

-  .8100 

— 

.2494 

296 

-  3.0 

-  .80 

-  .95 

+ 

.8 

+ 

2.98 

-3.91 

-  .8383 

— 

.2569 

-  .8393 

— 

.2608 

300 

-  2.2 

-  .98 

-1.02 

+ 

.9 

+ 

3.04 

-3.70 

-  .8668 

— 

.2642 

-  .8678 

— 

.2679 

304 

-  1.5 

-1.11 

-1.09 

+ 

.9 

+ 

3.10 

-3.49 

-  .8943 

— 

.2659 

-  .8954 

— 

.2704 

308 

-  .9 

-1.19 

-1.17 

+ 

.9 

+ 

3.16 

-3.27 

-  .9211 

— 

.2665 

-  .9223 

— 

.2688 

312 

-  .4 

-1.23 

-1.25 

+ 

1.0 

+ 

3.23 

-3.05 

-  .9469 

— 

.2602 

-  .9482 

— 

.2633 

316 

+  .1 

-1.24 

-1.34 

+ 

1.0 

+ 

3.30 

-2.82 

-  .9712 

— 

.2515 

-  .9725 

— 

.2,543 

320 

+  .5 

-1.22 

-1.43 

+ 

1.0 

+ 

3..37 

-2..59 

-  .9950 

— 

.2364 

-  .9964 

— 

.2390 

324 

+  .8 

-1.17 

-1.51 

+ 

1.0 

+ 

3.44 

-2..35 

-1.01.59 

— 

.2242 

-1.0174 

— 

.2266 

328 

+  1.1 

-1.10 

-1.59 

+ 

.9 

+ 

3.51 

-2.11 

-1.0.348 

— 

.2064 

-1.0364 

— 

.2085 

332 

+  1.4 

-1.02 

-1.67 

+ 

.9 

+ 

3.58 

-1.86 

-1.0535 

— 

.1861 

-1.0552 

— 

.1880 

336 

+  1.6 

-  .91 

-1.73 

+ 

.8 

+ 

3.64 

-1.61 

-1.0688 

— 

.1635 

-1.0705 

— 

.1651 

340 

+  1.7 

-  .80 

-1.79 

+ 

.7 

•  + 

3.69 

-1.35 

-1.0820 

— 

.1.393 

-1.0838 

— 

.1407 

344 

+  1.9 

-  .67 

-1.84 

+ 

.6 

+ 

3.74 

-1.09 

-1.09.38 

— 

.1133 

-1.0956 

— 

.1144 

348 

+  2.0 

-  .54 

-1.89 

+ 

.5 

+ 

3.78 

-  .83 

-1.1025 

— 

.0861 

-1.1044 

— 

.0869 

352 

+  2.1 

-  .40 

-1.92 

+ 

.4 

+ 

3.81 

-  .56 

-1.1087 

— 

.0565 

-1.1106 

— 

.0.571 

356 

+  2.1 

-  .25 

-1.94 

+ 

.3 

+ 

3.83 

-  .30 

-1.1127 

— 

.0291 

-1.1146 

— 

.0294 

360 

+  2.1 

-  .10 

-1.96 

+ 

2 

+ 

3.85 

-  .03 

-1.1140 

— 

.0000 

-1.1160 

— 

.0000 

364 

+  2.1 

+  .05 

-1.96 

+ 

.1 

+ 

3.86 

+  .24 

-1.1127 

+ 

.0291 

-1.1147 

+ 

.0293 

368 

+  2.1 

+  .19 

-1.95 

+ 

.0 

+ 

3.86 

+  .51 

-1.1087 

+ 

.0565 

-1.1107 

+ 

.0570 

University  of  Michigan,  April,  1916. 

THE   PERIOD   OF   0  HERCULIS, 

By   ELIAS    BRESON. 


I  have  observed  the  star  o  Herculis  R.A.  18'"  1""  53^ 
Decl.  +28°  44'.7  (1855.0)  from  July  4,  1912  to  July  14, 
1914, .on  187  evenings.  The  Argel.\nder  step-method 
was  used  with  the  following  comparison  stars  from  the 
Potsdamer  D  urchniuster ung : 

i"  Lyra'  =  4''. 73  =  a 

K  Lyrce  =4    .51=6 

ju  Herculis      =3    .62  =  c 


^  Herculis 
u  Herculis 
6  Herculis 


=  3".88  =  d 
=  4  .72  =  e 
=  3    .95  =  / 


Every  evening  two  or  three  estimates  were  made,  each 
observation  being  weighted  in  the  reduction.  The  ob- 
servations were  taken  with  a  binocular  4  cm.  objective 
and  power  2.5.  The  dates  are  in  Julian  days  and  Green- 
wich mean  time. 
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Maxima 

Minima 

2419869.0 

2419863.392 

882.364 

875.0 

890.0 

885.361 

900.462 

896.364 

91L406 

904.392 

922.410 

918.396 

936.434 

931.437 

The  following  elements  were  deduced: 


Minimum  =  2419863.392  +  11.985  a;  i? 

The  maximum  light  occurred  on  the  Julian  day  241- 
9900.462  G.M.T.,  when  the  star's  magnitude  was  4-"«.09, 
on  the  scale  of  the  Potsdamer  Durchmusterung,  and  the 
minimum  light  occurred  on  the  Julian  day  2419863.392 
G.M.T.,  with  the  magnitude  4".60.  Thus  the  light 
range  amounts  to  0''.51. 

The  light  curve  seems  to  indicate  ttiat  the  star  is  of  the 
type  of  f  Gemhuinnii. 


OBSERVATIONS 


1913 

Gr.  M.T. 

March  26 

9'>30" 

April       4 

9  30 

5 

9  10 

6 

9  25 

7 

9  25 

8 

8  35 

13 

8  30 

14 

8  35 

16 

9  30 

21 

8  25 

22 

8  15 

24 

8  45 

25 

8  45 

26 

8  45 

26 

8  55 

27 

8  40 

28 

8  40 

29 

8  35 

30 

9  35 

May        1 

8  35 

5 

8  30 

6 

8  50 

7 

9  30 

8 

8  45 

8 

9  15 

9 

9  15 

9 

9  35 

10 

9  10 

11 

9  15 

12 

9  05 

13 

9  10 

13 

9  20 

13 

11  05 

14 

10  10 

15 

9  45 

16 

9  10 

17 

9  25 

18 

9  10 

22 

9  15 

24 

9  45 

25 

9  15 

26 

9  45 

28 

9  50 

30 

9  15 

31 

9  30 

June        2 

9  20 

3 

9  45 

4 

9  35 

4 

9  50 

J.D. 
2419+ 

COiMP.\RISONS 

M 

852 

d  4  v;  c  6  v;  v  0  a 

4.40P.D 

861 

V  1  a;  d  5  v;  /  4  i'  4  e 

4.42 

862 

a\v2e 

4.67 

863 

a2v2e 

4.72 

864 

c  4  v;  d2  V 

4.35 

865 

V  2  a;  V  5  e 

4.37 

870 

V  4:  e;  V  1  a 

4.47 

871 

V  0  a;  V  3  e 

4.57 

873 

V  2  a;  V  4:6 

4.42 

878 

v3  e;  vO  a 

4.57 

879 

V  2  a;  V  4  e 

4.42 

881 

V  6e;  d*3  v  3  a 

4.24 

882 

V  6  e,'  d  2  (1 

4.10 

883 

V  3  e;  V  1  h 

4.41 

883 

V  4  e;  v2b;f3  V  la 

4.38 

884 

/5i'3  e;vOa;v  I  5b 

4.48 

885 

V  2  5  e;  v  I  a;  v  \5h 

4.48 

886 

V  2)  e;  V  \  a;  V  2  h 

4.45 

887 

V  4  e;  V  \  a;  V  2,  h 

4.38 

888 

i'4  5e;  v  2  a;  f  2  v 

4.31 

892 

V  5  e;  V  2  5  a;  v  3  h; }  2>  v 

4.28 

893 

f  3  5  v;  V  4  e;  v  2  b;  v  I  a 

4.38 

894 

V  3  e;  V  1  5  b:  v  0  a 

4.50 

895 

V3  e 

4.42 

895 

vZ  e;  v2  b;  v  1  n 

4.43 

896 

V  2  5  e;  v  1  a 

4.54 

896 

«;  3  e;  y  1  6 

4.41 

897 

1-356,735  w;y  156 

4.36 

898 

V  4  e;  b  2  v;  v  2  a 

4.38 

899 

V  3  b;  V  2  a;  f  Z  V 

4.32 

900 

V  3  5  b*;  V  2  5  a;  v  5  e 

4.29 

900 

d3  r,7  3  V  (!) 

4.16 

900 

d2v;f\5v 

4.09 

901 

d'iv 

4.18 

902 

dS5v;f2v 

4.19 

903       ' 

«;  4  e;  u  2  b;  via 

4.22 

904 

V  3  e;  V  2  b;  v  0  a 

4.49 

905 

V  3  5  e;  v  1  5  b 

4.36 

909 

V  4  e;  V  2  b* 

4.32 

911 

fl5v;d2v 

4.09 

912 

dS5v;f*25v 

4.22 

913 

d3  j',7  2  5  V 

4.19 

915 

d35  y.73  i;3  e 

4.30 

917 

V  2  5  e;  V  Q  a 

4.60 

918 

V  3  e;  V  1  -5  a 

4.50 

920 

V  2  e;  V  I  b;  V  0  a 

4.55 

921 

V  4  e;  V  2  b;  V  I  a 

4.42 

922 

vSae;  v2b;f3v 

4.31 

922 

v2a;v25b:v:i5le;f25v 

4.34 

some  haze, 
do 


some  haze. 


some  clouds 


some  clouds 
moon. 


full  moon, 
some  haze. 

some  clouds 


some  haze, 
some  haze. 
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1913 


June 


13 
14 
15 
16 
18 
18 
19 
20 


Gr.  M.  T. 

10  30 
9  30 
10  10 
10  05 
9  50 
10  25 
10  25 
10  00 


J.  D. 
2419  + 

931 
932 
933 
934 
936 
936 
937 
938 


OBSERVATIONS 
Comparisons 

V  2  e;  V  1  b 

V  2-5  e;  v  15  6 
vZe;J2bv 

V  4  e;  rf  3  v 
/  3  y;  y  3  e 

V  A:  e;  d2v 

V  2-5  e;  v  \  b  h 

V  2  e;  V  1  b 


-Continued 


M 

4.46 
4.41 
4.31 
4.25 
4.33 
4.20 
4.41 
4.46 


Zeiss  Binocular   used, 
magnifying  6x. 

do 

do 

do 

do 

do 


*  Observation  given  half  weight. 
Helsingor,  Denmark,  July  28,  1915. 


t  Correction  for  extinction. 


0  Herculis. 


OBSERVATIONS   OF 

By  PAUL   S. 
NM'  Andromeda 
Twelve  observations  of  this  short-period  star,  made  in 
the  Autumn  of  1913  and  forty-eight  in  September  and 
October  1914,  indicate  maxima  as  follows: 


0  —  c 

1913 

Sept. 

27 

7 

'20'" 

Local  M.T. 

Qm 

Wt 

■V2 

Oct. 

27 

8 

14 

— 

11 

Vi 

1914 

Sept. 

19 

7 

52 

+ 

9 

1 

22 

10 

0 

+ 

5 

1 

The  comparisons  are  with  Hartwig's  elements. 

X  Catnelopardalis 
I  have  twenty-four  observations  of  this  star,  froaa  1915, 
January  20  to  June  23.  At  the  first-mentioned  date,  the 
star's  brightness  was  estimated  at  6". 7,  from  which  it 
decreased  rather  rapidly  to  a  minimum  of  11". 1,  which 
was  indicated  on  March  20 ;  on  April  8  it  had  increased  to 
10".l,  and  when  next  observed  on  May  10  was  still  10".l. 
From  this  it  increased  steadily  until  at  the  last  observation 
June  28,  it  was  estimated  as  7". 5. 

RU  Camelopardalis 
Seventeen   observations    from    1909,    November    6    to 
1910,  February  10,  and  eleven  from  1915,  February  20  to 
May  10,  indicate  phases  as  follows: 


Max.  1909  Dec.     5.312 
1910  Feb.     2.340 
1915  Feb.  21.3 
Mar.    9.3 


Min.  Dec.   10.312 

Mar.    4.3 
Apr.     9.3 


V  Leonis 

Six  observations,  made  in  the  Spring  of  1894,  show  a 
maximum  of  V  Leonis  on  March  27,  1894.  The  star's 
brightness  at  the  first  observation  is  estimated  as  9". 6, 
at  the  maximum  as  8". 8,  and  when  last  observed  as  9".0. 

Compare  H.  M.  Parkhurst,  A.J.  14,  108,  and  Gruss 
&  Laska,  15,  91. 


VARIABLE    STARS, 

YENDELL. 

R  Ursce  Majoris 
Fourteen  observations  of  R  Ursce  Majoris,  from  1915, 
February   12  to  April  8,   show  a  maximum  of  7".6  on 
February  21;   whan  last  seen  it  had  decreased  to  8".9. 

V  Vidpeculce 

During  the  last  three  years  I  have  observed  this  star 
as  follows:  1913,  June  11  to  Dscember  19,  fifty  times; 
1914,  June  16  to  December  20,  thirty-one  times,  and  1915, 
January  3  to  October  27,  twenty-nine  times. 

From  these  observations  I  have  deduced  the  phases 
as  follows: 


M 

AXI.MA 

Minima 

1913  Julv 

7.7 

8" 

.5 

1913  Julv        21.3 

QM 

.4 

Sept. 

27.1 

8 

.2 

Sept.      3.0 

9 

.4 

1914  Julv 

14.1 

8 

.4 

1914  Julv     25.6 

9 

.4 

Aug 

23.2 

8 

.6 

Sept. 

25.7 

8. 

5 

1914  Sept.      9.0 

9 

.4 

1915  Oct. 

10.4 

8 

.5 

1915  July       7.0 

9 

.4 

SS  Cygni 
Since  the  last  observations  published  in  this  Journal, 
Vol.  XXIX,  p.  38,  as  close  a  watch  as  possible  has  been 
kept  on  the  star  until  1915,  October  28. 

The  observations  are  as  follows: 

1914  Nov.  23.337  not  seen;  saw  d  (10".8). 
Dec.   10.302     normal 


11.323 

normal 

12.444 

not  seen;  saw  d 

14.312 

normal 

15.312 

normal;  glimpsed 

16.306 

normal 

17.315 

normal 

18.315 

normal 

20.270 

normal 

)15  Jan.      3.250 

8".40 

100 

THE    A  STRONG. 

MIC 

AL 
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1915  Jan. 

4.250 

9".15 

The  observation 

'i  in  detail  are  as  follows: 

5.257 

9  .15 

7.260 

9  .53 

1914.  Dec. 

10.415 

c2v,  vlli     9'".61 

8.257 

9  .50 

11.427 

a3v,  vlb     9  .30 

9.250 

9  .5 

12.417 

v(be)           9  .62 

10.260 

10  .2 

14.417 

b3v,  v2d    9  .84 

June 

20.418 

normal. 

Moon  8  da. 

1914 

Dec 

15.403 

d2v           10".30 

23.403 

10".5 

Moon  bright  (checked  later) 

16.427 

ve              10  .8     seeing  dull 

24.409 

9  .76 

]\Ioon  bright 

18.417 

not  seen;  saw  e  <11.0 

26.402 

9  .14 

Moon  full 

1915 

Jan. 

5.347 

not  seen  <  10.5 

27.389 

9  .00 

Moon  bright 

7.333 

not  seen  <  10.5 

28.415 

8  .25 

Moon  bright 

8.365 

not  seen;  saw  d 

29.437 

8  .40 

Moon  liright 

9.333 

not  seen;  saw  e 

1914  July 

6.392 

normal 

20.333 

not  seen;  saw  d  and  e.     Moon  5  da. 

9.375 

normal 

21.333 

not  seen  <10 

12.329 

normal 

Feb. 

10.312 

not  seen  <  10 

18.3.59 

normal. 

Moon  6  da. 

12.312 

not  seen;  saw  d 

23.368 

nomial. 

Moon  bright 

13.312 

not  seen;  saw  d 

Aug. 

17.348 

ur.s 

Moon  1  qr. 

17.319 

not  seen;  saw  e.      Moon  4  da. 

Sept 

18.340 

normal. 

Moon  l)right 

18.333 

not  seen;  seen  d.    Moon  5  da. 

19.302 

normal. 

Moon  bright 

19.312 

not  seen  <  10.         Moon  6  da. 

22.309 

normal. 

^loon  bright 

20.312 

not  .seen;  saw  fl.     Moon  7  da. 

27.319 

normal 

.372 

not  seen;  saw  v 

30.319 

normal 

21.315 

not  seen;  saw  d.     Moon  bright 

Oct. 

4.313 

normal 

Mar 

4.338 

not  seen;  saw  d,  e 

6.347 

not  10" 

(milky  sky) 

11.338 

not  seen;  saw  d 

10.368 

not  .seen 

14.337 

not  seen;  saw  d 

11.309 

normal 

16.333 

not  seen;  .saw  d 

12.312 

normal 

18.326 

not  seen;  saw  e 

13.315 

normal. 

Moon  6  da. 

20.354 

not  seen;  saw  d 

16.323 

normal. 

Moon  1  qr. 

Apr. 

4.326 

not  seen;  saw  d 

24.309 

9".  10 

Moon  full 

8.323 

not  seen;  saw  d 

27.391 

9  .15 

Moon  bright 

12.316 

not  seen  <  10.5 

28.368 

9  .0 

13.352 

not  seen;  saw  d 

May 

6.340 

not  seen;  saw  d 

L'  Geinmorum 

9.378 

not  seen;  saw  d 

1  obscrvcHl  U  Geminorum 

upon  all  tiu'  available  cven- 

10.3.55 

not  seen;  saw  d 

ings  from  1914,  December  13  until  1915,  May  10,  the 
observations  numtiering  in  all  thirty-five.  The  obser- 
vations from  1914,  December  10.415  to  16.423  indicat* 
a  maximum  of  9".30  on  December  11.8.  The  curvi 
appears  to  have  been  of  the  "short"  type. 


These  observations  were  made  with  a  power  of  60   until 
after  February  12,  aft(>r  which  a  power  of  30  wa.><  usetl. 

Donhishr,  Mass..  191li.  January  lit. 


CORRIGENDUM. 
In  A.J.  682,  p.  77,  the  ol)servations  reduced  to  October  21  arc  given   in  (i.M.T 
rest  of  the  paper,  the  hours  should  be   1 1   instead  of  17. 


To   correspond   with   th< 
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AN  INVESTIGATION  OF  THE  CLUSTER  M  37  {N.G.C.  2099)  FOR  PROPER-MOTION, 

By  ALFRED   H.  JOY. 


The  star  cluster  M  37  in  Aungn  (o''  46"',  +  32°  32')  is 
one  of  the  better  known  clusters.  The  positions  of  1300 
stars  were  measured  by  Giebeler  {Veroff.  Sternw.  zu 
Bonn,  No.  12)  from  two  plates  taken  at  Bonn  in  1904. 
NoRDLUND  {Arkiv.  for  Mat.  A!<tr.  och  Fysik,  Bd.  5,  No. 
17)  studied  extensively  the  magnitudes  and  positions  of 
854  stars  of  the  region  from  four  plates,  three  of  which 
were  taken  in  1907  and  1908  at  Upsala  with  the  photo- 
graphic refractor  of  4.33  meters  focal  length  and  one  in 
1899  at  Stockholm  with  the  refractor  of  2.35  meters 
focal  length.  The  magiiitudes  were  deduced  from  the 
diameters  of  the  images  and  based  on  photometric  meas- 
ures of  certaui  of  the  stars  by  Zeipel.  The  positions 
given  by  the  two  series  of  plates  agree  closely  but  the 
short  focal  length  of  the  instruments  used  give  a  scale- 
value  which  makes  it  impossible  to  draw  any  conclusions 
m  regard  to  the  proper-motions  of  the  stars  in  the  cluster. 

The  Plates 

In  looking  over  the  plates  taken  by  Schlesinger  with 
the  40-inch  telescope  of  the  Yerkes  Observatory  in  1903 
and  1904,  Me.  0.  J.  Lee  found  several  plates  of  M  37 
which  showed  round  unages  and  fair  definition  for  the 
stars  of  the  cluster  down  to  the  13.5  magnitude.  On 
account  of  the  scale-value  given  by  the  40-inch  telescope 
it  was  thought  that  eleven  years  would  be  a  sufficient 
interval  of  time  to  show  with  considerable  accuracy  the 
proper-motion  of  the  cluster,  or  at  least  to  give  an  upper 
limit  to  the  value. 

Two  of  the  best  Schlesinger  plates  Avere  chosen. 
These  two  plates  were  taken  without  the  color-filter  on 
isochromatic  plates  in  the  same  manner  as  the  plates  for 
parallax  described  by  Schlesinger.  {Astrophysical 
Journal,  32,  372,  1910).  The  images  are  round  but 
fuzzy,  making  measures  difficult. 

An  additional  plate  for  the  second  epoch  was  taken  by 
Lee  and  Sullivan  m  January,  1915,  with  the  color-filter 
now  used  for  all  parallax  plates.  It  is  an  excellent  plate. 
The  images  are  sharp  and  round.     Although  the  exposure 


time  was  nearly  the  same  as  that  of  the  early  plates  it 
shows  more  than  twice  as  many  stars. 

The  plates,  which  were  measured  and  reduced  by  the 
writer,  are: 


Plate              Date 

Exp. 

G.M.T. 

H.A. 

Par. 

Fact.   Quality 

S166  Nov.  17, 1903 
S212  Feb.    4,1904 

60-" 
45 

19''37"' 
16  12 

E  0''26™ 
W  1  29 

+  .54    Poor 
-.72    Fair 

rl909  Jan.  14,1915 

60 

15  28 

E  0  40 

—  .44    Good 

Owing  to  the  inferior  quality  of  the  early  plates  it  was 
thought  that  the  mean  of  the  two  could  fairly  be  given 
a  weight  equal  to  that  of  the  1915  plate. 

Measurement  of  the  Plates 
The  measuring  machine  used  was  the  same  as  is  reg- 
ularly used  in  'the  parallax  measures.  The  plates  were 
oriented  in  the  machine  by  means  of  a  star  trail  on  7rl909 
and  were  measured  in  the  manner  described  by  Schle- 
singer, except  that  three  settings  were  made  on  the  star 
and  one  on  the  scale,  whereas  in  the  parallax  measures 
four  settings  were  made  on  the  star  and  two  on  the  scale. 
The  plates  were  measured  in  direct  and  reverse  positions 
in  both  right  ascension  and  declination.  Corrections  to 
the  measures  were  applied  for  runs  and  errors  in  the 
division  of  the  scale. 

Three  hundred  twenty  stars  which  had  good  images  on 
the  three  plates  were  at  first  chosen,  but  later  this  number 
was  reduced  to  292  so  that  all  stars  used  might  be  within 
16'  of  the  center  of  the  cluster.  This  avoided  any  possi- 
ble danger  of  using  stars  whose  images  were  deformed  on 
accouTit  of  being  too  near  the  edge  of  the  plates  and 
allowed  the  second  order  refraction  terms  to  be  neglected 
in  the  reduction. 

Magnitudes 

Magnitudes  were  determined  from  rough  measures  of 

diameters  of  the  images  and  should  be  equivalent  to  the 

visual  on  account  of  the  visual  luminosity  filter.     The 

magnitudes  of  seventy-seven  stars  which  were  determined 
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by  Zeipel  by  visual  methods  with  the  Zolhier  photometer 
were  used  as  standards.  Thej'  were  divided  into  eleven 
groups  according  to  magnitude,  and  the  mean  of  each 
group,  weighted  according  to  the  number  of  the  stars  in 
the  group,  used  in  a  least-squares  solution  with  eleven 
equations  of  the  fonn 

a  +  bD  =  M. 


Results 


which  Parkhurst  has  found  to  most  nearly  represent 
measures  of  diameters  on  plates  taken  with  the  40-inch 
telescope. 

The  constants  for  irl909  were  found  to  be 


-1-14.82        b 


-2.48 


A  comparison  of  these  visual  magnitudes  with  the 
photographic  magnitudes  given  by  Nordlund  shows 

0  stars  with  color-index  over  2.0  magnitudes 
12     "  "  1.5 

36     "  "  1.0 

54     "  "  0.5 

The  colored  stars  are  about  evenly  distributed  among 
the  cluster  and  the  reference  stars; 

Reduction 

As  differential  proper-motions  were  sought,  the  differ- 
ences between  the  1915  positions  and  the  mean  of  the 
two  plates  of  the  early  epoch  were  made  the  basis  of  a 
reduction  in  each  coordinate  by  Turner's  well-kno^\■n 
fommla.  Second-order  refraction  terms  were  found  to 
be  negligible  on  plates  of  such  small  area  taken  near  the 
zenith  and  meridian.  The  plate  constants  were  de- 
termined from  a  least-sciuares  solution  where  the  equa- 
tions of  condition  were  of  the  form 

ax  +  hy  +  c  =    Ax 
f/.T  -f-  eij  +  f  =    A;/ 

and  were  found  to  be,  in  units  of  a  (luarter-millimeter,  . 
a  =  -.000.583  d  =  -.000315 


-f. 000 1.59 
-  .0033 


e  =  -.000515 
/  =  -.0244 


The  residuals  give  a  direct. comparison  of  the  difference 
of  star  positions  at  the  two  epochs  referred  to  the  mean 
of  all  the  stars,  and  these  differences  are  freed  by  the 
solution  from  all  errors  whicii  may  be  of  a  linear  form 
due  to  orientation,  scale-value  and  zero  of  the  plates  or 
to  refraction,  aberration,  precession  and  nutation.  Errors 
due  to  any  shift  in  the  centering  of  the  objective,  which 
may  have  been  changed  in  eleven  years,  or  to  the  use  of 
the  color-filter  at  the  la.st  epoch  are  accounted  for,  only 
in  so  far  as  they  affect  the  orientation  and  scale-value; 
but  they  are,  without  doul>t,  of  an  order  of  magnitude 
which  may  safely  be  uegle<'ted. 


The  residuals  may  be  taken  as  the  resulting  proper- 
motions  of  the  individual  stars  for  the  period  of  11.05 
years  which  elapsed  between  the  two  epochs.  They  are 
referred  to  the  mean  of  all  the  stai"s  and  are  derived 
without  any  assumption  whatsoever  as  to  which  stars 
belong  to  the  cluster.  In  order  to  find  an  indication  of 
common  proper-motion  of  the  central  stars  of  the  plate, 
circles  with  radii  of  4',  8'  and  16'  were  drawn  about  the 
center  of  the  cluster  and  the  residuals  divided  into  three 
groups  according  to  the  zone  in  which  the  star  was  found. 
The  mean  residuals  for  the  zones  are: 


No.  of  Stars 

''j 

i-i 

Cu-cle  4' 

94 

-h".021 

+".Qm 

Zone  4'  -  8' 

87 

+   .003 

+   .003 

Zone  8'  -  16' 

111 

-    .019 

-    .016 

The  difference  between  the  mean  of  the  outer  zone  and 
the  imier  circle  is  0".040  in  a  and  0".032  in  5.  This 
would  be  the  relative  proper-motion  of  the  cluster  if  all 
the  stars  of  the  central  circle  were  kno\^ni  to  belong  to 
the  cluster  and  all  the  outer  zone  were  outside  the  cluster. 

The  same  grouping  with  each  magnitude  was  tried 
to  see  if  the  proper-motions  were  limited  to  certain  stellar 
magnitudes. 


Mag.  13.0  -  13.^ 

Xo.  of  Slar.s 

i'^ 

'•j 

Circle  4' 

9 

-".027 

-".016 

Zone  4'  -  8' 

15 

-   .048 

-   .072 

Zone  8'  -  16' 

12 

-    .059 

-    .040 

Total 

Mag.  12..5  -  13.0 
Ckcle  4' 
Zone  4'  -  8' 
Zone  8'  -  16' 

Total 


36  Mean  -"0.45 

25  -t-".016 

37  -   .003 
16  -    .019 


78:Mean      -".002 


Mag.  12.0  —  12..". 

Circle  4' 

15 

-|-".021 

Zone  4'  -  8' 

27 

-    .019 

Zone  8'  -  16' 

23 

65  Mean 

-   .016 

Total 

-".005 

Mag.  11.5  —  12.0 

Circle  4' 

20 

-h".032 

Zone  4'  -  8' 

19 

+   .013 

Zone  8'  -  16' 

27 

-1-   .003 

-".043 

-".016 

-  .037 

-  .045 

-."033 


-h".008 
-I-  .011 
-   .029 


Total 


66 


+  ".016 


-  ".(M)3 

-f-".048 
+  .029 
-I-   .043 

-I- ".040 


I'O'L 


.1/  37  —  STAR   DENSITY 


a 


2' 

Zone 
(T/ie  Astronomical  Journal,  No.  68.5.) 
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Mag.  10.0- 11. .i 

Xo 

of  Stai's 

('a 

Circle  4' 

18 

+  ."024 

Zone  4'  -  8' 

13 

+    .040 

Zone  8'  -  16' 

16 

47  Mean 

+   .005 

Total 

+  ".024 

+  ".040 
+  .066 
+   .037 

+  ".048 


It  will  be  seen  that  there  is  about  the  same  difference 
between  the  inner  circle  and  the  outer  zone  in  all  the 
magnitudes.  The  residuals  of  the  outer  zone  are  nega- 
tive and  the  residuals  of  the  faint  stars  arc  in  tlie  same 
sense,  which  is  as  would  be  expected  if  the  cluster  were 
moving  over  a  background  of  fainter  stars. 

Star  Counts 
Counts  of  stars  of  the  different  magiiitud(>s  in  the 
different  zones  also  indicate  that  the  cluster  contains 
stars  of  the  fainter  magnitudes  as  well  as  the  brighter, 
though  the  condensation  of  the  faint  stars  is  not  so  great 
as  for  the  brighter  stars. 


No.  of  Stars 

Circle  4' 
Zone  4'-8' 
Zone  8'- 16' 


10-11  ..5 

17 
17 
13 


11.5-12 

27 
20 

19 


12-12.5 

25 

15 
24 


r2.5-i;i 

18 
25 
36 


Condensation  over  outer  ring  per  unit  area: 

Circle  4'  15  17  12  6 

Zone4'-8'  5  4  2  3 


13-13.5 

12 
10 
14 


10 
■-> 


A  curve  showing  the  condensation  of  all  the  stars  of 
the  region  taken  together  was  draA^^l  from  the  counts  of 
eight  zones  of  2'  each. 

It  is  clear  from  the  curve  that  the  limit  of  the  cluster  is 
about  12'  from  the  center. 

Second  Solution 

An  attempt  to  arbitrarily  separate  the  stars  belonging 
to  the  cluster  from  the  other  stars  of  the  region  and  so  to 
permit  a  solution  based  on  the  reference  stars  only  was 
next  undertaken. 

First,  twenty  stars  whose  residuals  in  the  first  solution 
were  greater  than  0".16,  or  three  times  the  probable  error 
of  a  single  observation,  were  excluded  on  the  groimds  of 
individual  proper-motion  and  hence  belonging  neither 
to  the  cluster  nor  to  the  reference  stars. 

Second,  considering  the  average  distribution  of  the 
stars  of  different  magnitudes  in  the  12  —  16'  zone  as 
standard  for  that  region  of  the  sky  we  may  choose  as 
reference  stars  from  each  unit  of  area  covered  by  the 
cluster,  stars  from  each  magnitude  equal  in  number  to 
those  found  in  the  standard  area.  Stars  of  the  standard 
areas  outside  the  cluster  have  in  general  negative  residu- 


als, so  that  it  is  natural  to  choose  as  belonging  to  the 
reference  stars  those  stars  of  the  central  zones  which 
have  the  largest  negative  residuals. 

In  accordance  with  these  arbitrary  rules  of  choice, 
117  reference  stars  were  selected  from  the  plate  with 
which  a  second  solution  was  made  and  new  plate  con- 
stants determined. 

The  grouping  of  stars  in  each  zone  is  then, 


Zone 

Cluster 

Reference 

Inc 
P 

ividual 
-M. 

•I'.it; 

0'  -    4' 

83 

7 

4 

94 

4'  -    8' 

60 

20 

7 

87 

8'  -  12' 

12 

44 

3 

59 

2'  -  16' 

0 

46 

6 

52 

Total 


155 


117 


20 


292 


The  plate  constants  given  by  the  second  solution  ,i 


a  =  -.000569 
b  =  +.000159 
c  =  +.0076 


d  =  -.000299 
e  =  -.000519 
/  =  -.0137 


The  probable  error  for  a  single  star  is  ±0".O48  in 
a  and  ±0".045  in  8,  as  determined  from  the  residuals  of 
the  reference  stars. 

The  new  plate  constants  were  then  used  in  the  equa- 
tions for  each  of  the  155  stars  of  the  cluster  proper  and 
the  residuals  considered  as  projier-motions.  The  re- 
sulting mean  proper-motion  is  +0".053  ±0".0027  in 
R.  A.  and  +0".051  ±".0032  in  declination  for  the  period 
of  11.05  years  or  +0".48-in  R.  A.  and  +0".46  in  declina- 
tion per  century.  The  proper-motion  of  the  cluster 
with  respect  to  the  reference  stars  chosen  is  then  0".66 
per  century  in  position  angle  46°. 20. 

The  inclusion  of  the  twenty  stars  of  individutil  proper- 
motion  would  not  have  changed  the  resulting  proper- 
motion  for  the  cluster,  but  would  have  increased  the 
probable  error  somewhat. 

Column  one  of  the  table  gives  the  numbers  of  the 
stars  used  in  the  solution;  column  two  gives  the  corre- 
sponding numbers  of  Nordlund;  column  three  gives 
the  group  to  which  each  star  was  assigned  in  the  second 
solution,  /  indicating  individual  j^roper-motion,  /■  reference 
star,  and  c  belonging  to  the  cluster;  the  fourth  column 
gives  the  magnitudes  determined;  columns  five  and 
six  give  the  approximate  x  and  ij  on  the  plates  in  units 
of  a  quarter  millimeter;  columns  seven  and  eight  give 
the  residuals  from  the  first  solution  and  columns  nine  and 
ten  from  the  second  solution,  all  in  units  of  thousandths 
of  a  quarter  millimeter. 


104 


THE    ASTRONOMICAL    JOURNAL 


N"    685 


No. 

Nord. 
No. 

Group 

Mag. 

X 

Y 

I'u 

Vt 

I'a 

1 

V, 

1 

13 

r 

12.21 

-375 

+    8 

-  57 

-     7 

-   51 

-     2 

2 

16 

r 

11.23 

371 

+  53 

-  9 

-  28 

-  3 

-   23 

3 

24 

r 

13.19 

343 

-  86 

-  61 

-  52 

-  55 

-  47 

4 

27 

r 

11.31 

329 

+  194 

+  26 

—  7 

+  32 

-  3 

5 

29 

i 

13.40 

325 

-  11 

-157 

+  77 

-150 

+  83 

6 

34 

i 

13.01 

318 

+  87 

-  87 

+  17 

-  80 

+  23 

7 

36 

r 

12.63 

317 

+  19 

-  1 

-  (i 

+  5 

-   1 

8 

40 

r 

12.93 

304 

-  60 

-  37 

-  15 

-  30 

-  10 

9 

44 

i 

12.58 

295 

-110 

+  22 

-  79 

+  29 

-  73 

10 

49 

r 

12.70 

287 

-  17 

-  21 

+  4 

-  14 

+  10 

11 

60 

r 

13.33 

287 

+  214 

-  68 

+  19 

-  61 

+  24 

12 

51 

r 

12.36 

284 

-  1 

-  11 

-  13 

-  4 

-  6 

13 

54 

r 

12.35 

280 

-  46 

-  40 

+  9 

-  33 

+  15 

14 

57 

r 

13.13 

277 

+  158 

-  20 

+  14 

-  13 

+  20 

15 

58 

r 

11.82 

277 

+  147 

+  12 

-  5 

+  19 

0 

16 

66 

r 

13.12 

261 

-  60 

-  47 

-  12 

-  40 

-  6 

17 

i 

12.90 

255 

+  273 

+  70 

-   1 

+  77 

+  4 

18 

75 

i 

13.35 

249 

-  29 

-  40 

-  81 

-  33 

-  74 

19 

77 

r 

13.12 

246 

-178 

-  39 

-  14 

-  32 

-  6 

20 

78 

r 

13.09 

243 

+  17 

-  29 

+  3 

-  22 

+  9 

21 

79 

c 

12.08 

242 

+  34 

+  17 

+  17 

+  24 

+  24 

22 

81 

r 

12.15 

242 

-165 

-  19 

+  19 

-  12 

+  26 

23 

82 

r 

12.59 

240 

+  67 

-  3 

-  43 

+  4 

-  37 

24 

90 

r 

11.84 

236 

-244 

+  20 

+  22 

+  28 

+  30 

25 

93 

r 

12.07 

234 

-129 

-  25 

+  12 

-  17 

+  20 

26 

100 

r 

12.59 

222 

+  143 

+  8 

-  11 

+  16 

-  6 

27 

101 

r 

12.94 

221 

-101 

+  16 

-  26 

+  24 

-  19 

28 

105 

r 

12.47 

217 

-  29 

-  6 

-  28 

+  2 

-  21 

29 

107 

r 

11.93 

216 

+  207 

+  48 

+  42 

+  56 

+  49 

30 

109 

r 

10.80 

214 

-127 

-  13 

+  7 

-  5 

+  16 

31 

110 

c 

12.11 

213 

-  94 

+  18 

—  5 

+  26 

+  3 

32 

111 

r 

11.83 

212 

+  100 

-  7 

+  18 

+  I 

+  26 

33 

117 

r 

12.31 

205 

+237 

+  36 

+  1 

+  44 

+  7 

34 

128 

r 

11.61 

198 

-260 

+  34 

+  12 

+  43 

+  21 

35 

129 

i 

13.04 

197 

-  50 

+  29 

-131 

+  38 

-124 

36 

135 

c 

11.87 

193 

-  56 

+  41 

+  10 

+  49 

+  18 

37 

134 

r 

12.36 

193 

+  167 

+  49 

-  9 

+  57 

-  3 

38 

137 

r 

11.33 

192 

-256 

_  2 

+  24 

+  7 

+  32 

39 

139 

c 

12.73 

188 

-  24 

+  14 

-  29 

+  22 

-  21 

40 

141 

c 

12.13 

187 

+  28 

+  15 

-  4 

+  23 

+  3 

41 

140 

r 

13.19 

187 

+  270 

+  7 

+  13 

+  15 

+  19 

42 

146 

r 

12.18 

182 

+  160 

0 

-  16 

+  8 

-  10 

43 

152 

r 

12.44 

179 

+  163 

+  18 

-  15 

+  26 

-  8 

44 

156 

i 

13.32 

177 

-  61 

-  79 

-  42 

-  71 

-  34 

45 

157 

c 

11.69 

177 

-  55 

+  25 

+  20 

+  33 

+  27 

46 

158 

r 

13.21 

176 

-166 

+  4 

-  61 

+  13 

-  52 

47 

173 

■ 

I 

11.51 

•   168 

+  58 

+  36 

-  63 

+  45 

-  55 

48 

178 

c 

11.82 

165 

-102 

+  10 

+  4 

-  19 

+  11 

49 

181 

c 

12.24 

163 

-179 

+  15 

+  36 

+  24 

+  44 

50 

185 

r 

13.51 

163 

-100 

-  34 

-  59 

-  25 

-  51 

51 

lS(i 

r 

12.90 

162 

-138 

-  16 

-  29 

—  7 

-  20 

52 

187 

r 

12.71 

161 

-258 

+  14 

-  3 

+  23 

+  6 

53 

194 

c 

13.07 

157 

-  13 

-  18 

-  45 

-  9 

-  36 

54 

199 

r 

11.27 

153 

-  41 

+  31 

—  7 

-  9 

+  2 

55 

206 

r 

12.37 

151 

+  3 

-  18 

-  17 

-  9 

-  9 

56 

202 

r 

12.83 

151 

+  328 

+  12 

+  34 

+  21 

+  41 

57 

207 

c 

12.95 

151 

-  42 

-  13 

+  12 

-  4 

+  21 

58 

212 

r 

12.79 

146 

+  276 

+  25 

-  34 

+  34 

-  26 

59 

224 

c 

12.57 

137 

-126 

+  36 

-  18 

+  45 

-  9 

60 

228 

r 

13.13 

-134 

-  26 

-  17 

-  30 

-  8 

-  22 
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No. 

Nord. 
No. 

Group 

Mag. 

X 

Y 

"a 

Vt 

wl 

v'e 

61 

231 

C 

12.37 

-132 

+  1 

-42 

+  47 

-  33 

+  55 

62 

233 

c 

11.63 

130 

-  82 

+  13 

+  11 

+  22 

■+  19 

63 

237 

c 

12.22 

127 

-  2 

+  20 

-  34 

+  29 

-  25 

64 

238 

r 

1L90 

127 

+  148 

-  15 

-  18 

-  6 

-  10 

65 

240 

c 

11.81 

123 

+  81 

+  37 

-  7 

+  46 

+  1 

66 

242 

r 

13.23 

122 

+  225 

+  5 

+  1 

+  14 

+  9 

67 

243 

r 

11.98 

120 

+  266 

+  2 

+  15 

+  11 

+  22 

68 

245 

c 

11.81 

118 

+  73 

+  15 

0 

+  24 

+  9 

69 

264 

r 

13.34 

103 

-148 

+  4 

-  59 

+  13 

-  49 

70 

266 

c 

11.60 

103 

-  45 

+  30 

+  28 

+  39 

+  37 

71 

265 

r 

13.48 

102 

+  223 

-  36 

-  30 

-  27 

-  23 

72 

269 

c 

12.23 

102 

+  101 

+  15 

-  24 

+  25 

-  15 

73 

271 

i 

13.43 

101 

+  93 

-  69 

-  25 

-  59 

-  16 

74 

274 

c 

12.97 

99 

-162 

+  7 

-  4 

+  17 

+  8 

75 

279 

c 

12.23 

97 

+  63 

0 

+  33 

+  10 

+  41 

76 

281 

c 

10.57 

97 

-  67 

+  7 

+  24 

+  17 

+  33 

77 

282 

c 

12.37 

95 

-  16 

-  3 

-  6 

+  7 

+  3 

78 

291 

c 

13.29 

88 

+  130 

-  10 

+  53 

0 

+  60 

79 

■   294 

i 

13.28 

87 

-  14 

-  64 

0 

-  54 

+  9 

80 

296 

c 

11.54 

86 

-155 

+  11 

+  3 

+  21 

+  15 

81 

300 

c 

11.73 

85 

-  9 

-  5 

+  25 

+  5 

+  35 

82 

302 

r 

12.03 

83 

+  148 

-  11 

-  9 

-  1 

-  1 

83 

306 

,  c 

11.15 

81 

-116 

+  10 

+  35 

+  20 

+  46 

84 

307 

c 

12.83 

80 

+  63 

+  1 

+  20 

+  11 

+  29 

85 

312 

c 

11.43 

78 

-125 

-  6 

+  33 

+  4 

+  44 

86 

r 

13.42 

75 

+  353 

+  7 

-  35 

+  17 

-  29 

87 

322 

c 

12.47 

74 

-  92 

-  23 

+  33 

-  13 

+  42 

88 

326 

c 

11.84 

73 

-  15 

-  6 

+  6 

+  4 

+  16 

89 

330 

c 

1 1 .09 

71 

+  14 

-  10 

+  27 

0 

+  37 

90 

332 

r 

12.86 

71 

-171 

-  12 

-  12 

-  2 

0 

91 

333 

c 

13.52 

71 

-152 

+  17 

-  43 

+  27 

-  32 

92 

335 

c 

13.33 

70 

-  27 

+  2 

—  5 

+  12 

+  4 

93 

337 

c 

10.99 

70 

+  7 

+  2 

-  3 

+  12 

+  6 

94 

339 

c 

11.38 

69 

-  71 

-  6 

+  15 

+  4 

+  25 

95 

343 

r 

13.23 

68 

+  31 

-  14 

-  25 

-  4 

-  16 

96 

344 

c 

11.98 

68 

-  39 

+  3 

+  16 

+  13 

+  26 

97 

352 

c 

11.82 

65 

-  23 

+  26 

+  30 

+  36 

+  40 

98 

353 

c 

12.73 

■64 

-  96 

—  5 

+  21 

+  5 

+  30 

99 

355 

c 

12.24 

64 

+  62 

-  7 

+  32 

+  2 

+  42 

100 

362 

c 

11.47 

61 

-  52 

+  4 

+  14 

+  14 

+  24 

101 

365 

c 

11.59 

60 

-  47 

+  3 

+  43 

+  13 

+  52 

102 

368 

r 

12.29 

58 

+.330 

+  10 

-  17 

+  1 

-  8 

103 

369 

c 

11.39 

58 

-  65 

+  21 

+  25 

+  33 

+  33 

104 

374 

c 

12.93 

56 

-  92 

+  10 

-  21 

+  21 

-  11 

105 

377 

r 

12.75 

53 

-  18 

-  14 

-  26 

-  3 

-  16 

106 

381 

c 

12.78 

52 

+  20 

+  38 

+  20 

+  49 

+  30 

107 

383 

c 

13.20 

52 

+  32 

+  3 

—  7 

+  14 

+  3 

108 

384 

c 

12.59 

52 

+  16 

+  11 

—  5 

+  22 

+  5 

109 

387 

c 

12.72 

52 

-  75 

+  13 

-  6 

+  24 

+  4 

110 

388 

r 

12.81 

52 

-115 

-  40 

+  3 

-  29 

+  14 

HI 

390 

c 

11.64 

51 

-178 

-  9 

+  46 

+  2 

+  57 

112 

391 

c 

11.38 

50 

+  113 

+  23 

+  26 

+  34 

+  35 

113 

394 

i 

12.08 

49 

+  18 

+  80 

0 

+  91 

+  10 

114 

392 

i 

11.48 

49 

+  148 

+  29 

+  73 

+  40 

+  82 

115 

397 

c 

11.75 

48 

-  17 

+  16 

+  42 

+  27 

+  52 

116 

400 

c 

11.47 

46 

+  13 

+  34 

+  2 

+  45 

+  12 

117 

402 

c 

11.75 

46 

+  34 

+  28 

+  37 

+  39 

+  47 

118 

401 

c 

12.63 

46 

-124 

+  2 

+  25 

+  13 

+  36 

119 

403 

c 

11.72 

46 

-205 

-  17 

+  39 

-  6 

+  50 

120 

404 

c 

12.50 

-  46 

+  8 

+  38 

+  15 

+  49 

+  25 
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No. 

Nord. 
No. 

Group 

Mag. 

A" 

r 

''^ 

Vi 

t'a 

t'» 

121 

405 

C 

12.31 

-  45 

-  22 

-  7   I   +20 

+  4 

+  30 

122 

406 

c 

11.87 

44 

+  130 

+  7   1   +33 

+  18 

+  42 

123 

413 

r 

12.10 

42 

-334 

-  35   .   +  15 

-  24 

+  27 

124 

416 

r 

12.64 

40 

-210 

+  21 

+  3 

+  32 

+  14 

125 

415 

r 

13.14 

40 

-274 

+  2 

+  16 

+  13 

+  27 

126 

419 

c 

11.73 

39 

+  27 

+  12 

-  10 

+  23 

0 

127 

428 

c 

11.38 

36 

-  45 

-  3 

+  1 

+  8 

+  11 

128 

429 

c 

12.03 

36 

-  70 

0   j   +29 

+  11 

+  39 

129 

431 

r 

13.01 

35 

+  122 

-  37 

-  33 

-  26 

-  24 

130 

433 

c 

13.12 

34 

-  24 

+  31 

-  17 

+  42 

-  8 

131 

436 

c 

12.31 

33 

-  58 

+  18 

-  17 

+  29 

-  8 

132 

435 

c 

.  12.29 

33 

+  44 

+  40 

+  26 

+  51 

+  36 

133 

438 

c 

12.81 

33 

-188 

+12      +30 

+  23 

+  41 

134 

439 

c 

12.03 

32 

-  79 

+  13 

+  33 

+  24 

+  42 

135 

440 

c 

11.73 

31 

+  5 

+  7 

+  18 

+  18 

+  29 

136 

441 

c 

11.27 

31 

+  60 

+  18 

+  18 

+  29 

+  27 

137 

442 

c 

11.81 

31 

+  139 

+  18 

+  9 

+  29 

+  17 

138 

444 

c 

12.21 

31 

-  18 

-  9 

+  30 

+  2 

+  39 

139 

446 

c 

11.42 

30 

+  24 

+  29 

+  10 

+  40 

•  +  20 

140 

450 

c 

12.59 

29 

+  70 

+  50 

+  2 

+  61 

+  12 

141 

452 

c 

11.71 

29 

-  45 

+  14 

+  23 

+  25 

+  33 

142 

454 

r 

12.56 

28 

-140 

-  5 

-  21 

+  6 

-  9 

143 

455 

c 

12.96 

27 

+  40 

+  40 

-  42 

+  51 

-  31 

144 

457 

c 

13.33 

27 

-  85 

-  29 

+  8 

-  18 

+  19 

145 

458 

c 

12.58 

27 

-  28 

+  13 

+  2 

+  24 

+  13 

146 

461 

r 

12.96 

27 

-283 

+  29 

-  24 

+  39 

-  13 

147 

460 

0 

10.49 

27 

-260 

+  12 

+  43 

+  23 

+  54 

148 

462 

c 

12.86 

26 

+  32 

+  10 

+  15 

+  21 

+  26 

149 

463 

c 

11.49 

26 

-  16 

+  19 

+  10 

+  30 

+  21 

150 

468 

i 

11.11 

24 

+  21 

-  63 

+  19 

-  52 

+  30 

151 

470 

c 

12.21 

24 

+  53 

+  17 

+  31 

+  28 

+  42 

152 

469 

c 

12.20 

24 

+  27 

+  9 

+  11 

+  20 

+  22 

153 

473 

c 

12.03 

24 

-132 

+  6 

+  49 

+  17 

+  60 

154 

476 

c 

12.93 

23 

+  63 

—  7 

-  16 

+  4 

—  5 

155 

477 

i 

13.19 

22 

-  79 

+  10 

-  62 

+  21 

-  51 

156 

481 

c 

11.83 

21 

-  54 

-  28 

+  28 

-  17 

+  39 

157 

482 

c 

12.37 

21 

-  19 

+  16 

+  18 

+  27 

+  29 

158 

483 

f 

12.89 

19 

-  33 

-  18 

+  23 

—  7 

+  34 

159 

484 

c 

9.69 

19 

-  11 

+  46 

+  17 

+  57 

+  27 

160 

485 

c 

11.78 

18 

-  31 

+  48 

+  10 

+  59 

+  21 

161 

489 

c 

13.03 

16 

-  10 

+  31 

-  39 

+  42 

-  28 

162 

491 

r 

11.62 

15 

+  160 

-  3 

0 

+  8 

+  10 

163 

492 

c 

12.93 

15 

+  140 

+43   '   +17 

+  54 

+  27 

164 

494 

c 

11.95 

14 

-  41 

+  9 

—  5 

+  20 

+  5 

165 

497 

c 

11.73 

12 

+  3 

+  26 

+  27 

+  37 

+  38 

166 

498 

c 

10.96 

11 

+  31 

+  17 

+  11 

+  28 

+  21 

167 

500 

c 

11.80 

10 

-  58 

+  6 

+  15 

+  17 

+  26 

168 

504 

c 

"   13.26 

9 

,   +  39 

+  11 

-  11 

+  22 

0 

169 

506 

c 

11.98 

9 

—  5 

+  27 

-  17 

+  38 

-  6 

170 

508 

c 

13.33 

8 

-  61 

-  16 

-  5 

—  5 

+  5 

171 

511 

,. 

11.38 

5 

-232 

+  5 

+  53 

+  Hi 

+  65 

172 

514 

c 

12.39 

5 

-  45 

+  38 

+  9 

+  49 

+  20 

173 

515 

c 

12.63 

4 

+  113 

+  34 

-  26 

+  45 

-  16 

174 

517 

c 

11.56 

4 

+  5 

+  20 

+  10 

+  31 

+  21 

175 

519 

c 

12.00 

3 

—  57 

+  7 

-  4 

+  18 

+  7 

176 

520 

c 

11.87 

3 

-  44 

+  17 

+  30 

+  28 

+  41 

177 

521 

c 

13.18 

-  2 

-  7 

i   +  44 

-  4 

+  55 

+  6 

178 

523 

c 

12.96 

0 

+  169 

+  29 

-  3 

+  40 

+  i 

179 

524 

r 

11.15 

0 

+  218 

+  11 

+  12 

+  22 

+  22 

180 

530 

c 

12.52 

+  3 

+  39 

-  4 

-  29 

+  7 

-  18 
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No. 

Nord. 
No. 

Group 

Mag. 

A' 

r 

i'„ 

I'e 

r 

l''s 

181 

532 

C 

12.81   i 

+  4 

-  19 

-   25 

+  5 

-  14 

+  16 

182 

537 

r 

11.92 

5 

.  +  29 

-  33 

+  3 

-  22 

.+  13 

183 

538 

c 

12.93 

6 

+  115 

+  11 

-  14 

0 

-  4 

184 

539 

c 

12.10 

6 

+  87 

+  29 

-  24 

+  40 

-  14 

185 

540 

c 

12.30 

6 

-  7 

-  2 

+  3 

+  9 

+  14 

186 

541 

c 

13.26 

6 

-152 

+  5 

-  34 

+  16 

-  23 

187 

543 

c 

12.12 

7 

+  45 

-  16 

+  4 

-  5 

+  14 

188 

546 

c 

11.08 

8 

+  111 

+  18 

+  29 

+  29 

+  40 

189 

548 

c 

12.86 

11 

+  139 

+  29 

-  60 

+  40 

-  48 

190 

550 

c 

12.11 

12 

-174 

+  35 

+  38 

+  46 

+  49 

191 

551 

r 

13.07 

14 

-233 

+  45 

-  30 

+  56 

-  18 

192 

554 

r 

11.47 

16 

+235 

+  9 

+  1 

+  20 

+  11 

193 

557 

c 

11.74 

18 

-172 

+  2 

+  41 

+  13 

+  29 

194 

559 

c 

13.12 

19 

-  11 

+  9 

+  35 

+  20 

+  46 

195 

r 

12.72 

22 

-353 

-  38 

-  45 

-  27 

-  33 

196 

569 

c 

12.99 

25 

-  6 

+  37 

-  18 

+  48 

-  8 

197  ( 
198) 

571 

c 

12.10 

26 

+  4 

+  38 

+  26 

+  49 

+  36 

c 

11.97 

26 

+  3 

+  6 

+  5 

+  17 

+  15 

199 

573 

c 

12.47 

27 

+  122 

-  6 

+  59 

+  5 

+  69 

200 

574 

c 

12.31 

28 

-  48 

-  4 

-   1 

+  7 

+  10 

201 

575  ■ 

r 

12.30 

28 

+  52 

-  8 

-  27 

+  3 

-  16 

202 

578 

c 

12.95 

29 

-  10 

-  5 

-  1 

+  6 

+  9 

203 

579 

r 

11.43 

29 

-  27 

+  8 

+  39 

+  19 

+  50 

204 

581 

c 

12.96 

29 

-  4 

+  2 

-  14 

+  13 

-  3 

205 

583 

c 

13.12 

30 

-  46 

-  39 

-  19 

-  28 

-  9 

206 

592 

r 

13.23 

32 

-293 

+  25 

-  36 

+  36 

-  23 

207 

587 

c 

12.72 

32 

+  23 

-  10 

+  1 

+  1 

+  13 

208 

591 

c 

12.48 

34 

-  32 

+  18 

-  20 

+  29 

-  8 

209 

r 

12.52 

36 

+345 

+  3 

-  15 

+  14 

-  5 

210 

599 

c 

11.67 

37 

-  38 

+  36 

+  10 

+  47 

+  22 

211 

601 

c 

11.98 

37 

+  23 

-  32 

+  7 

-  21 

+  19 

212 

603 

r 

12.52 

38 

-191 

-  24 

+  12 

-  13 

+  24 

213 

611 

r 

12.61 

40 

-198 

-  27 

-  34 

-  16 

-  21 

214 

612 

c 

11.29 

41 

-150 

-  4 

+  38 

+  7 

+  51 

215 

613 

r 

12.97 

42 

+  26 

-  25 

-  26 

-  14 

-  14 

216 

615 

c 

11.79 

43 

+  118 

+  14 

+  2 

+  25 

+  13 

217 

620 

r 

12.43 

46 

-263 

-  25 

+  26 

-  14 

+  39 

218 

624 

i 

13.00 

.47 

+  84 

+  6 

-  71 

+  17 

-  60 

219 

626 

c 

12.72 

49 

+  76 

+  22 

-  19 

+  33 

-  7 

220 

627 

c 

11.81 

49 

+  29 

-   1 

+  21 

+  10 

-  32 

221 

628 

c 

12.67 

50 

+  13 

-  2 

-  5 

+  9 

+  7 

222 

630 

c 

11.25 

51 

-133 

+  7 

+  29 

+  18 

+  41 

223 

635 

c 

11.91 

53 

-  17 

+  10 

+  55 

+  21 

+  67 

224 

636 

c 

12.51 

53 

-190 

+  14 

+  34 

+  25 

+  47 

225 

641 

r 

12.64 

55 

-  30 

+  29 

-  2 

+  39 

+  10 

226 

647 

c 

12.96 

59 

-114 

+  13 

-  28 

+  24 

-  16 

227 

649 

r 

12.61 

61 

+  19 

-  20 

-  13 

-  8 

-  2 

228 

654 

c 

12.21 

62 

+  18 

-  5 

+  9 

+  6 

+  21 

229 

658 

r 

11.71 

65 

-190 

-  19 

+  30 

-  7 

+  42 

230 

659 

r 

12.55 

66 

+  232 

-  58 

-  4 

-  46 

+  6 

231 

665 

c 

12.37 

71 

-110 

-  6 

+  12 

+  6 

+  24 

232 

670 

c 

12..59 

73 

+  116 

-  60 

+  9 

-  48 

+  20 

233 

675 

r 

13.03 

75 

-307 

+  23 

+  19 

+  35 

+  32 

234 

671 

c 

12.02 

75 

-  42 

+  15 

+  1 

+  27 

+  13 

235 

680 

r 

11.71 

78 

+  60 

+  1 

-  15 

+  13 

-  4 

236 

682 

r 

12.91 

81 

-  26 

-  57 

-  13 

-  45 

-   1 

237 

683 

i 

11.66 

81 

-213 

-  18 

+  68 

-  6 

+  80 

238 

684 

c 

13.07 

81 

+  158 

-  55 

-  54 

-  43 

-  43 

239 

685 

c 

12.61 

82 

+  132 

+  11 

-   1 

+  23 

+  9 

240 

686 

c 

12.78 

+  82 

-133 

-  30 

+  17 

-  18 

+  29 

108 


THE    ASTRONOMICAL    JOURNAL 


N°-  685 


No. 

Xord. 
No. 

Group 

Mag. 

A- 

Y 

i'a 

Va 

i\ 

I'a 

241 

690 

r 

12.58 

+  84 

-314 

-  17 

-     5 

-     5 

+  7 

242 

688 

r 

12.19 

84 

-  87 

-  22 

+  3 

-  10 

+  14 

243 

691 

i 

10.62 

85 

-  31 

+  52 

+  69 

+  64 

+  81 

244 

694 

c 

12.81 

86 

-147 

-  9 

+  43 

+  3 

+  56 

245 

696 

r 

11.77 

89 

-  16 

-  47 

+  12 

-  35 

+  23 

246 

699 

c 

13.05 

91 

-  84 

+  31 

-  31 

+  43 

-  19 

247 

701 

c 

12.67 

91 

-  82 

-  4 

+  13 

+  8 

+  25 

248 

705 

c 

12.11 

93 

+  16 

+  33 

+  33 

+  45 

+  45 

249 

r 

13.08 

98 

-340 

0 

-  65 

+  12 

-  51 

250 

711 

r 

13.08 

100 

+208 

-  60 

+  46 

-  47 

+  58 

251 

713 

c 

12.81 

102 

-  40 

+  17 

-  10 

+  30 

+  1 

252 

718 

r 

12.10 

105 

+  157 

+  4 

-  9 

+  17 

+  2 

253 

720 

r 

12.92 

108 

-  66 

-  47 

-  22 

-  34 

-  10 

254 

725 

c 

10.55 

112 

+  11 

_  2 

+  58 

+  11 

+  70 

255 

728 

r 

11.42 

115 

—  7 

-  22 

+  8 

-  9 

+  19 

256 

733 

c 

10.17 

118 

-  14 

+  27 

+  54 

+  40 

+  66 

257 

732 

r 

13.07 

119 

-324 

+  14 

-  40 

+  27 

-  27 

258 

736 

1- 

12.91 

122 

-177 

+  10 

-  5 

+  23 

+  7 

259 

740 

c 

11.90 

127 

+222 

+  30 

+  26 

+  43 

+  39 

260 

743 

i 

12.02 

130 

+  69 

-  63 

—  5 

-  50 

+  6 

261 

748 

c 

11.72 

138 

—  57 

-  24 

+  26 

-*  11 

+  39 

262 

749 

r 

11.74 

138 

+  90 

-  36 

-  3 

-  23 

+  9 

263 

750 

r 

12.()4 

139 

+  105 

-  34 

-  21 

-  21 

-  10 

264 

753 

r 

12.87 

140 

+  35 

-  38 

-  30 

-  25 

-  18 

265 

755 

c 

13.12 

141 

-  62 

+  19 

—  7 

+  32 

+  6 

266 

766 

c 

12.16 

154 

-122 

+  16 

+  29 

+  29 

+  43 

267 

771 

r 

11.92 

158 

+  77 

-  16 

-  19 

-  3 

—  5 

268 

777 

i 

10.32 

163 

+275 

-  35 

+  61 

-  23 

+  73 

269 

780 

r 

12.58 

168 

+  168 

+  31 

-  27 

+  44 

-  16 

270 

781 

i 

12.98 

169 

-205 

+  57 

-  97 

+  70 

-  82 

271 

r 

12.67 

175 

-303 

+  36 

-  51 

+  50 

-  37 

272 

'  786 

r 

11.91 

177 

+  56 

+  14 

-  10 

+  28 

+  4 

273 

792 

r 

12.77 

183 

—  55 

-  40 

-  16 

-  26 

-  3 

274 

r 

12.71 

188 

+269 

-  9 

-   1 

+  5 

+  12 

275 

798 

r 

10.82 

189 

-202 

-  47 

+  27 

-  33 

+  41 

276 

804 

c 

13.15 

197 

-118 

+  43 

-  14 

+  57 

+   1 

277 

808 

r 

11.42 

202 

+  71 

-  20 

+  45 

-  6 

+  59 

278 

813 

r 

12.61 

218 

+  154 

-  19 

-  23 

-  6 

-  10 

279 

r 

12.77 

222 

-258 

+  10 

+  8 

+  24 

+  23  J 

280 

821 

r 

12.98 

227 

-205 

-  35 

+  19 

-  21 

281 

822 

r 

12.68 

231 

+  83 

-  59 

-  63 

-  45 

— W9  j 

282 

825 

r 

12.28 

233 

+  193 

+  4 

-  36 

+  19 

—  22 

283^ 

828 

r 

11.82 

238 

-150 

-  39 

+  8 

-  25 

+  24 

284) 

r 

12.98 

239 

-149 

—  27 

-  35 

-  13 

-  20  1 

285 

830 

r 

13.31 

245 

-  29 

+  20 

-  39 

+  35 

-  24 

286 

831 

r 

12.78 

247 

+  46 

-  38 

-  52 

-  23 

-  37 

287 

837 

r 

12.78 

255 

+  113 

-  39 

-  46 

-  24 

-  32 

288 

838 

r 

11.00 

260 

-186 

+  52 

-  64 

+  66 

-  49 

289 

840 

r 

12.74 

263 

+  56 

-  35 

-  9 

-  20 

+  5 

290 

839 

r 

13.43 

267 

-  67 

-  28 

+  3 

-  13 

+  18 

291 

852 

r 

12.20 

297 

+  5 

-  33 

-  30 

-  18 

-  15 

292 

r 

12.03 

+336 

+  13 

-  5 

+  2 

+  11 

+  17 

Yerkes  Observatory,  Sqalember,  1915. 
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DEFINITIVE    ORBIT   OF   COMET    1855  II, 

By  GEORGES   VAN   BIESBROECK. 


Comet  18o5  II  was  discovered  on  the  evening  of  June  3, 
1855,  by  DoNATi  at  Florence  {A.N.,  41,121, 1855)  and  the 
next  day  independently  by  Dien  at  Paris,  and  by  Klin- 
KERFUES  at  Gottingen  {A.N.,  41,  95  and  119,  1855; 
C.  R.,  40,  1271-1272,  1855). 

Not  until  June  5  were  observations  obtained  that 
could  be  utilized.  The  series  of  observations  extends 
through  fifteen  days  only,  to  the  19th  of  June,  when  moon- 
light interfered.  A  last  single  observation  was  obtained 
on  June  30  at  Berlin.  This  observation  is  unfortunately 
in  error  and  I  have  not  been  able  to  trace  the  origin  of 
the  error. 

At  the  tmie  of  tliscovery,  the  comet  had  neither  nucleus 
nor  tail.  Between  June  3  and  5  Donati  estimated  that 
its  brightness  was  less  than  that  of  the  cluster  in  Her- 
cules {A.N.,  41,  127,  1855).  Bruhns  (A.M.,  41,  HI, 
1855)  describes  the  comet,  on  June  5,  as  a  nebulous  mass, 
of  diameter  slightly  less  than  one  minute  of  arc,  without 
any  tail  and  of  brightness  comparable  with  that  of  the 
cluster  in  Aquarius.  For  more  precision  on  this  point 
I  estimated  the  brightness  of  these  two  clusters,  using 
binoculars,  and  found  the  first  to  be  6".4  and  the  second 
e'^'.l  on  the  P.  D.  scale.  The  comet  was  therefore  of 
about  the  6"  when  discovered.  The  computations 
indicate  that  the  comet  must  have  rapidly  diminished  in 
brightness.  There  is  no  precise  data  on  this  point, 
beyond  the  fact  that  on  June  14  Pape  {A.N.,  41,  175, 
1855)  found  the  comet  much  fainter  than  on  the  pre- 
ceding days. 

The  observational  data  taken  as  a  whole  are  very 
unsatisfactory,  both  by  reason  of  their  small  number  and 
the  short  interval  covered  by  them,  as  well  as  by  the 
lack  of  precision  in  the  settings  on  the  comet,  which  had 
no  well-defined  nucleus.  Besides,  all  the  observations 
were  obtained  near  the  horizon,  the  highest  altitude 
being  only  19°,  in  the  case  of  Secchi's  observation  at 
Rome,  on  June  14. 

Several  sets  of  parabolic  elements  and  two  of  elliptical 
elements  have  been  published.  A  list  of  elements,  as 
well  as  references  to  the  observations,  will  be  found  in 


Carl's  Repertoriurii  der  Kometen-Astronomie,  Miinchen 
1864,  pp.  278-279.  The  following  parabolic  orbit  by 
ScHULTZE  {A.  N.,  42,  200,  1855)  represents  the  observa- 
tions best: 


r  =  1855  May  30.18468  Berlin  M.  T. 
a;  =     22°  36' 28".  1) 

S2  =  260   18  53  .1  [    Equinox  of  1855.0 
X  =  156   53   10  .5  ) 
log  q  =  9.753396 


(a) 


It  is  based  on  twenty-nine  observations  up  to  June  19. 
These  elements  are  a  sufficiently  good  approximation,  so 
that  an  ephemeris  can  be  computed,  normal  positions 
formed  and  parallaxes  and  aberration-times  deduced 
from  them.  In  establishing  this  ephemeris  I  have  com- 
puted the  solar  coordinates,  from  Newcomb's  tables: 
Bauschinger's  Tafeln  zur  Theoretischen  Aslronomie  were 
used  for  obtaining  apparent  places. 

The  determinations  of  position  are  50  in  number,  both 
in  right  ascension  and  declination.  They  were  obtained 
in  the  following  observatories,  listed  according  to  longi- 
tude : 


Vienna 

Berlin 

Rome  (Collegio  Roinano) 

Padua 


Hamburg 

Leiden  (the  former  observatory) 

Paris 

Livei"pool 


Florence  (the  old  observatory) 

Wherever  possible  I  have  resorted  to  the  original  data  of 
observations,  which  has  enabled  me  to  account  for  some 
apparent  discordances.  In  many  cases,  for  lack  of  other 
data,  I  have  had  to  be  content  with  the  published  values, 
using  of  course  only  the  differences  between  the  coordi- 
nates of  the  comet  and  comparison  stars.  I  consulted 
all  available  catalogues  in  the  formation  of  the  places  of 
the  comparison  stars  for  1855;  and  I  applied  to  these 
catalogued  positions  the  systematic  corrections,  given  by 
AuwERS,  as  well  as  the  weights. 

(109) 
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The  parallax  factors  were  computed,  adopting  8". 80 
for  the  solar  parallax.  For  the  aberration  time  for  a 
distance  unity,  I  used  the  value  498^5 

The  differences  "observed  minus  computed"  were 
plotted,  using  the  times  as  ordinates.  A  smooth  curve 
through  the  points  shows  approximately  the  probable 
error  of  the  single  observations.  The  average  probable 
error  is 

ina.  0\98;  in  6.  6".9. 

These  large  values  indicate  the  great  uncertainty  of  the 
settings  on  the  comet.  In  deriving  these  means,  I  used 
all  the  values  for  right  ascension,  except  that  of  June  30, 
but  rejected  two  values  of  the  declination  (those  of 
DoNATi  at  Florence)  which  were  so  discordant  that  they 
could  only  vitiate  the  results.  The  weights  were  com- 
puted by  the  formulie 

/        0.98        \-  (        6.9 


?J,  = 


V Deviation  in  a 


/),  = 


Deviation  in  5 


for  which  I  have  substituted  whole  numbers,  according  to 
the  following  table: 

Weights 


Computed 


Adopted 


0.00  to  0.19 

0 

0.20   0.49 

1 

0.50   0.99 

2 

1.00   1.99 

3 

2.00   9.9 

4 

>10.0 

5 

The  observations  were  divided  into  ten  groups,  giving 
ten  normal  places  for  which  the  weights  would  not  differ 
too  greatly. 

The  time  covered  by  the  observations  (27  days)  appears 
to  be  short  enough  to  allow  of  disregarding  the  perturba- 
tions due  to  the  planets.  I  have,  however,  computed 
them,  because  it  was  found  that  the  comet  approached 
Venus  as  close  as  0.22  (on  June  14);  at  the  same  time  it 
was  plain  that  the  corresponding  deviation  would  affect 
more  especially  the  declination  of  the  comet.  Now,  as 
will  be  seen  later,  the  observation  of  June  30  at  Berlin, 
which  would  appear  to  be  untrustworthy,  differs  from 
the  computation  merely  in  respect  to  declination.  There- 
fore it  was  worth  while  to  see  in  how  far  the  perturbations 
could  explain  the  deviation  of  the  last  ob.servation, 
which  was  a  very  important  one,  as  it  doubled  I  lie  time 
covered  by  the  measures. 

As  the  relative  positions  of  the  comet  and  Fenx.s  were 
changing  rapidly  about  the  14th  of  June,  I  have  computed 
the  perturbations  in  two-day  intervals,  taking  this  (hitc 
as  the  epoch  of  osculation.     For  the  other  jilanets,  Saturn 


being   the   farthest    one   t.aken    into   account,    a    ten-day 
interval  was  used. 

Perturbations  of  Comet  1855  II 


1855 

In  a 

In  5 

June  3 

-0^009 

-0".17 

5 

-  .007 

-   .11 

7 

-  .004 

-  .06 

9 

-  .002 

-  .03 

11 

-  .001 

-  .01 

13 

.000 

.00 

15 

.000 

.00 

17 

.000 

-  .01 

19 

-  .001 

-  .02 

30 

-0  .002 

-0  .10 

It  was  to  be  expected  that  these  values  would  not  be 
large,  the  motion  of  the  comet  being  retrograde  and  its 
approach  to  Venus  being  only  of  very  short  duration. 
We  see  that  these  small  values  for  the  perturbations  in 
no  wise  explain  the  lack  of  agreement  of  the  isolated 
observation  of  June  30.  Small  as  they  are,  I  neverthe- 
less took  account  of  them  in  the  formation  of  the  normal 
places  as  given  below: 


Normal  Places 

,1855.0) 

No. 

1855,  June 
Berlin  M.T. 

a 

Wt. 

S 

Wt. 

1 

5.437243 

rai'"  8^48 

26 

-|-36°15'54".l 

22 

2 

6.446742 

23  25.06 

26 

36  04  38  .7 

21 

3 

7.432310 

33  53  .35 

23 

35  50  15  .7 

14 

4 

8.451520 

43  19.97 

12 

35  33  20  .7 

15 

5 

9.466766 

7  51  32.09 

16 

35  15  27  .4 

12 

6 

11.417693 

8  4  31  .28 

26 

34  40  10  .4 

17 

7 

12.430838 

10  5  .49 

18 

34  22  12  .7 

18 

8 

14.407880 

19  9  .98 

10 

33  48  37  .2 

16 

9 

18.454501 

32  24  .54 

23 

32  47  59  .1 

20 

10 

30.431404 

8  51  54.87 

(30  39  1 1  .0) 

The  last  normal  place  (No.  10)  is  the  isolated  Berlin 
observation  of  June  30.  Before  cominiting  definitive 
elements,  this  position  was  specially  scrutinized.  Horn- 
stein's  method  was  used  on  this  occasion.  Representing 
precisely  the  normal  places  Nos.  1  and  9,  which  have  the 
greatest  weight,  I  have  sought  what  values  of  the  dis- 
tance Ai  corresponding  to  the  first  normal  place  and  of 
the  reciprocal  of  the  semi-major  axis  ^  would  best  rep- 
resent the  intermediary  niinnal  places.  I  have  successive- 
ly assumed  the  following  values  which  api)cared,  from 
former  computations,  to  include  the  probable  values  of 
the  unknowns: 
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Hypothesis 

A, 

1 

a 

I 

II 

III 

0.653000 
0.653500 
0.653000 

0.040000 
0.040000 
0.050000 

The  normal  place.s  Nos.  1  and  9  being  rigorously  rep- 
resented, the  other  normal  positions,  after  being  cor- 
rected for  solar  latitude,  are  as  follows: 


Represent.\tion  of  Normal  Places  According  to  the  Three  Hypotheses 


No. 

Normal  Longitude 

I 

II 

III 

Normal  Latitude 

I 

II 

III 

2 

107°14'18".S8 

20".48 

17".35 

16".92 

+  13°51'36".07 

34".31 

34".08 

34".37 

3 

109  25  60  .45 

58  .18 

52  .91 

52  .65 

13  57    3  .47 

3  .17 

2  .78 

3  .41 

4 

111  25  47  .38 

46  .57 

39  .84 

39  .94 

14  00    4  .26 

4  .79 

4  .30 

5  .21 

5 

113  10  45  .99 

47  .36 

39  .91 

40  .47 

14  01    4  .65 

2  .10 

1  .61 

2  .73 

6 

115  59  14  .28 

19  .99 

12  .04 

13  .95 

13  58  46  .34 

46  .57 

46  .12 

47   .44 

7 

117  12  29  .79 

36  .34 

29  .22 

20  .74 

13  56    7  .50 

6  .70 

6  .29 

7  .63 

8 

119  13  26  .27 

26  .09 

20  .74 

22  .71 

13  49    1  .64 

3  .03 

2  .69 

3  .87 

10 

126  54  74  .00 

11  .84 

32  .58 

13   .03 

12  32  24  .58 

101   .00 

103  .02 

95  .06 

It  is  clear  that  the  above  hypotheses  nearly  cover  the 
possible  range  of  the  assumed  unknowns,  except  for  place 
No.  10,  for  which  there  are  abnormal  deviations  in  longi- 
tude, as  well  as  in  latitude.  Solving  the  resulting  equa- 
tions of  condition,  excluding  the  10th  position,  I  find  for 
the  unknowns: 

A,  =  0.653564  ±  0.000296 
1 


0.03108 


0.00683 


The  mean  error  of  a  normal  place  of  weight  imity  is 
9". 78.  This  solution  represents  as  follows  the  normal 
places,  the  differences  ''observed  minus  computed" 
being  given  below: 


Normal 
Place 

Longitude 

Latitude 

2 

-    1".2 

+  2".l 

3 

+  3  .3 

+  0  .9 

4 

-f  2   .5 

+  0  .4 

5 

+  0  .9 

+  3   .6 

6 

-  2  .3 

+   1   .1 

7 

-  3  .2 

+  2  .1 

8     . 

+  2  .9 

-  0  .3 

10 

i+m  .9) 

(-81  .0) 

The  normal  places  Nos.  1  and  9  being  represented  rig- 
orously, it  is  clear  that  this  solution  gives  a  good  approxi- 
mation, except  for  the  place  No.  10.  Taking  into  account 
the  mean  errors  of  the  unknowns  found  above,  we  find 
that  the  difference  of  -|-39".9  in  longitude  involves  an 
uncertainty  of  ±  13". 0,  while  the  difference  in  latitude 
has  a  mean  error  of  only  ±4". 3.  The  observation  of 
June  30  is  therefore  clearly  in  error.     Yet  if  both  ecliptic 


coordinates  are  unreliable,  it  does  not  necessarily  also 
follow  that  both  equatorial  coordinates  are;  in  fact,  it 
is  imjjrobable  that  the  right  ascension,  which  was  ob- 
tained by  difference  of  time  of  transit  across  the  wires 
of  the  micrometer,  would  be  much  in  error.  In  order  to 
introduce  this  datum  into  the  discussion,  I  have  con- 
verted into  equatoi-ial  coordinates  the  positions  obtained 
for  June  30  by  the  three  hypotheses.  The  difference 
becomes  (observed  minus  computed): 

In  R.  A.,  +36".l  ±  13".9 
In  Deck,    -90".l  ±    4".6 

It  is  therefore  the  declination  which  is  chiefly  in  error. 
In  right  ascension  the  difference  is  equally  larger  than 
its  mean  error,  but  in  a  smaller  proportion.  It  should 
be  pointed  out  that  the  mean  error  given  here  results 
from  the  assumption  that  the  places  Nos.  1  and  9,  which 
the  computation  exactly  represents,  are  rigorous.  If  we 
consider  the  respective  uncertainty  of  these  two  normal 
places,  the  difference  in  right  ascension  will  be  almost 
within  the  limits  assigned  by  its  mean  error,  while  in 
declination  it  will  not.  The  preliminary  computation 
therefore  proves  that  the  right  ascension  of  June  30  is 
perhaps  admissible,  but  that  in  declination  the  comet  is 
about  1.5  minutes  of  arc  farther  north  than  the  observed 
position. 

On  account  of  the  importance  of  this  Berlin  observa- 
tion —  it  doubles  the  duration  of  visibility  —  it  was 
essential  to  verify  the  original  observational  data  and 
reductions,  to  see  if  the  abnormal  difference  could  not 
be  accounted  for.  At  my  request  Professor  Hermann 
Struve  was  so  kind  as  to  have  the  original  records  at 
Berlin  examined  for  me.  Mr.  Gourvoisier  writes  that 
after  a  careful  examination  of  all  the  records  and  of  the 
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reductions,  he  finds  that  all  .seem  correct:  the  comet  was 
observed  in  right  ascension  by  six  transits  across  three 
■wires,  the  telescope  remaining  fixed,  and  in  declination 
by  six  bisections  by  a  movable  wire,  the  coincidence  with 
the  fixed  wire  being  immediately  determined.  An  error 
does  not  seem  possible  either  in  the  time  of  the  observa- 
tion, within  the  narrow  limits  between  twilight  and 
setting  of  the  comet,  or  in  respect  to  the  comparison  star 
near  which  there  was  no  other  star.  Likewise,  the  right 
ascension,  obtained  directly  by  difference  of  time  of 
transit,  could  hardly  be  in  error.  As  to  the  declination, 
the  observer  explicitly  stated  that  the  comet  was  south 
of  the  comparison  star.  The  reduction  shows  that  the 
difference  in  declination  is  129". 2,  which  corresponds  to 
130". 9  after  correcting  for  refraction  (the  comet  being 
only  7°  or  8°  above  the  horizon).  If,  as  the  preliminary 
computations  seem  to  prove,  the  comet  was  about  90" 
farther  north  than  the  observation  states,  that  would 
not  be  a  contradiction  to  the  remark,  "Comet  south  of 
the  star  '';  but  would  be  an  indication  of  an  error  in 
reading  the  micrometer  either  in  setting  on  the  comet 
or  in  setting  the  fbced  wire.  An  error  of  ten  revolutions 
=  153"  would  be  too  great.  Such  would  have  been 
the  difference,  if  there  had  been  a  confusion  between  the 
fixed  wires,  three  in  number,  separated  by  2'. 5,  which 
would  be  about  ten  revolutions  for  the  Fraunhofer  tele- 
scope used  at  Berlin.  The  difference  of  90"  corresponds 
to  ah  error  of: 

5.9  revolutions  ±  0.3. 

To  assume  an  error  of  five  or  rather  six  revolutions  would 
be  suificient  to  account  for  the  difference,  but  it  seems 
to  me  too  arbitrary  to  introduce  either  of  these  hypoth- 
eses into  the  computation.  It  therefore  becomes  neces- 
sary to  abandon  the  declination  observed  on  June  30  at 
Berlin,  and  to  use  merely  the  right  ascension  of  that 
date  in  the  computation  of  the  definitive  orbit. 


The  computation*  was  made  using  the  elliptic  elements 
corresponding  to  the  preliminary  solutions  above.  There 
is  a  slight  difference  between  these  elliptic  elements  and 
those  which  result  from  the  preliminary  solution,  be- 
cause the  computation  was  made  with  a  slightly  different 
distribution  of  weights. 

The  preliminary  elements,  as  well  as  their  comparison 
with  the  ten  normal  places,  follow: 


T  =  1855  May  30.192112  Berlin  M.  T. 
o)  =     22°  32'  23".92 
i  =  156   52  21   .37 
Q,  =  260    15     4  .60 
log  q  =  9.7540028 


log  e 


9.9939687  (log  ^  =  8.385603) 


(6) 


Normal  Place 

Differences  O  —  C 

In  a 

In  3 

No.     1 

+  0".03 

+   0".ll 

2 

-   1   .45 

+  2  .74 

3 

4-  3  .44 

+   1  .04 

4 

+  2  .59 

+  0  .77 

5 

+   1   .66 

+  4  .27 

6 

-   2  .21 

+  2  .44 

7 

-   2  .35 

-1-  3  .58 

8 

-1-  4  .49 

-  0  .45 

9 

-  0  .24 

+  0  .01 

10 

+32  .67 

(-93  .27) 

The  coefficients  of  the  equations  of  correction  were  com- 
puted according  to  the  form  given  by  Bauschinger, 
Die  Bahnbesttmmung  der  HnmncUkorper.  p.  459,  the 
equator  being  adopted  as  a  fundanicntal  plane. 


Equations 

OF  Correction  (Logarithmic  Coefficients) 

Wt. 

Right  .Ascension 

26 

0.0145  dq 

+9.4899  dS 

'+8.8601  dP    +9.3018„dQ 

+3.6938,.dr 

+8.4428,.  rf^^   = 

=    8.3836 

26 

0.0170 

9.3384 

8.8445              9.2179,. 

3.6123,, 

8.4632„ 

0.0689,, 

23 

0.0175 

9.1445 

8.8211               9.1355,, 

3.5281,, 

8.4769,. 

0.44.54 

12 

0.0170 

8.8328 

8.7904              9.0499,, 

3.4359,. 

8.4871„ 

0.3237 

16 

0.0156 

7.7583 

8.7548              8.9643„ 

3.3374„ 

8.4946,, 

0.1321 

26 

0.0125 

8.9693,, 

8.6763               8.7996,, 

3.1217,, 

8.5066„ 

0.2595,. 

18 

0.0108 

9.1321,, 

8.6311               8.713.5,, 

2.9877,, 

8.5125,, 

0.2877,, 

10 

0.0076 

9.3104,, 

8..53.58              8..5437„ 

2.6290,, 

8.5255,, 

0..571S 

23 

0.0021 

9.4835,, 

8.30()1               S.I7.")3„ 

2.4629 

8.5599,, 

9.304S„ 

(4) 

9.9891 

9.6534„ 

7.629 1„              7.t)972 

3.0001 

8.6925,, 

1.4485 

*  I  wish  to  acknowledge  here  the  kindness  of  Mn.  H.  Vanderlinden,  Volunteer  Assistant  at  the  Royal  Observatory,  I'ccle,  who 

computed  the  corrections  to  the  elements  by  the  method   of  least  squares    in   duplicate    with    me,   giving   a   valuable  check    over    the 
most  laborious  part  of  the  work. 
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Equation  of  Correction    (Continued) 


wt. 

Declination 

22 

9.5188  dq 

+8.3764  dS 

+9.4697,.  rfP  +9.9114  (/Q 

+  2.8314„rfr 

+  7.6769,,  d-  = 

=  9.0414 

21 

9.4464 

7.8340 

9.5126,,      9.8860 

2.6736„ 

7.6454,. 

0.4378 

14 

9.3737 

7.5072,, 

9.5461,,     9.8605 

2.5276,. 

7.6166,. 

0.0170 

15 

9.2966 

7.9443,, 

9.574L     9.8336 

2.3946,, 

7.5918,, 

9.8865 

12 

9.2176 

8.0459,, 

9.5967,.     9.8062 

2.2875„ 

7.5729„ 

0.6304 

17 

9.0571 

8.0016,. 

9.6301„     9.7534 

2.1773,, 

7.5558,, 

0.3874 

18 

8.9667 

7.8943,. 

9.6434,,     9.7258 

2.1668„ 

7.556 1„ 

0.5539 

16 

8.7693 

7.3861,. 

9.6641,,     9.6720 

2.1921,, 

7.5682,. 

9.6532„ 

20 

8.0722 

7.9617 

9.6919„      9.5611 

2.2907,, 

7.6197,, 

8.0000 

^ 

8.6660„ 

8.4684 

9.7266,,     9.1947 

2.4137,. 

7.8893„ 

At  first,  the  observation  of  June  30  was  entirely  omitted, 
that  is  to  say  the  last  equation  in  right  ascension.  In 
taking  account  of  the  weights  and  in  introducing  the 
auxihary  unknowns  x,  y,  z,  t,  u  and  w,  defined  as  follows 
(logarithmic  coefficients) 


dq  =  0.4570X  dQ  =  0.5989< 

dS  =  0.98411/  dT  =  6.7802„M 

dP  =  0.8391e  d  Q)  =  1.9407„w; 

the   homogeneous  equations  were  computed,  which  gave 
the  normal  equations: 


0.84600  X  - 

f  9.73090  y  - 

f  8.83091  z  - 

f  8.56585„  t  ■ 

f  0.53329  u 

+  0.80562  w    ■ 

=  9.96762 

9.73090 

0.47134 

9.36116 

9.60439„ 

0.25904 

9.08009 

9.40620 

8.83091 

9.36116 

0.71749 

0.64961,. 

9.31165 

9.12450 

0.42815 

8.56585,. 

9.60439,. 

0.64961,, 

0.65218 

9.51101,, 

9.38970,. 

0.40257 

0.53329 

0.25904 

9.31165 

9.51101. 

0.39709 

0.46677 

9.70196 

0.80562 

9.08009 

9.12450 

9.38970,. 

0.46677 

0.77251 

9.84624 

The  equations  of  elimination  are: 


0.84600  X  +  9.73090  y  +  8.83091  z  +  8.56585,.? 
0.46523  9.35122 

0.71600 


The  coefficients  of  the  unknowns  u  and  w  in  the  last  two 
equations  being  very  small,  the  first  four  equations  of 
elimination  were  used  to  express  the  unknowns  in  terms 
of  u  and  w,  for  the  sake  of  greatest  precision  compatible 
with  the  data.  In  substituting  them  in  the  homogeneous 
equations  of  condition,  a  set  of  equations  in  terms  of  u 
and  w  only  was  obtained;  these  in  turn  served  to  express 
u  in  terms  of  w,  the  last  unknown,  which  was  so  directly 
expressed  in  terms  of  the  second  members  of  the  equa- 
tions of  condition.  In  this  way  the  last  two  equations 
of  elimination  were  obtained.  The  solution  gives  the 
following  values  for  the  unknowns: 


8.56585,.? 

+ 

0.53329  u 

+  0.80562  w    -- 

=  9.96762 

9.60130,. 

0.19140 

9.56832,, 

9.26387 

0.64658,. 

8.72016 

8.99957 

0.43187 

9.81783 

8.69152,. 

9.24859,, 

9.40295 

7.26735 

7.14083 
6.81981 

6.29449 
7.06393 

dT  = 

-O'i.000866  =b  0''.01329 

dw  = 

-11".36  ±  147".3 

dO,  = 

-3.09  ±  54.0 

di  = 

-3.12  ±  26.6 

dq  =  +0.0000153  ±  0.0002036 
d(~^  =  +0.0007420  ±  0.009636 

Mean  error  of  an  observation  of  weight  unity  =  8". 89. 

Considering  the  small  corrections  of  the  elements  it  is 
seen  that  solution  (6)  was  already  a  very  satisfactory 
one:  every  correction  is  much  smaller  than  its  mean 
error.  The  following  definitive  elements  correspond  to 
these  corrections: 

T=  1855  May  30. 19125  ±0.0133  Berlin  M.T. 

o)  =    22°  32'  12".6  ±  147".3  ] 
ft  =  260    15     1   .5  ±    54  .0  y  Equinox  of  1855.0\    . 

i  =  156  52  18  .3  ±    26  .6  j  '      ' 

log  q  =  9.754015  ±  0.000156 
log  e  =  9.99378    ±  0.00241 
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Period  =  252  years  (between  155  and  523) 
The  normal  places  are  represented  as  follows: 

Differences  (observed  —  computed) 
Elements  c 


Normal 
PI.  No. 


1 
2 
3 
4 
5 
6 
7 
8 
9 
(10) 


Aa  cos  5 


From 
Elements  c 


-  0".3 

-  1  .4 
+  2  .6 
+  2  .1 
+   1  .3 

-  1  .9 

-  2  .1 
+  3  .7 

-  0  .2 
(+29  .6) 


From 
Equations 


A5 


From 
Elements  c 


From 
Equations 


+ 
+ 


-  0".4 

-  1  .5 
2  .6 
2  .()■ 

+   1  .2 

-  1  .9 

-  2  .1 
+  3  .6 

-  0  .1 
(+29  .6) 


— 

1' 

.6 

+ 

1 

.0 

— 

0 

.6 

— 

0 

.8 

+ 

2 

.7 

+ 

1 

.0 

+ 

2 

.1 

— 

1 

.8 

— 

1 

.2 

(- 

93 

.9) 

-  1".6 
+  1  .0 

-  0  .6 

-  0  .8 
+  2  .7 
+  0  .9 
+  2  .1 

-  1  .8 

-  1  .2 
(-93  .8) 


The  check  furnished  by  the  agreement  of  the  two  sets  of 

computations  is  sufficient  (computed  to  seven  decimals.) 

A  better  agreement  for  the  normal  places  Nos.  1  to  9 

could   not   be   hoped   for.     For   the   right   ascension   of 


June  30,  which  was  not  used  in  the  computation,  solu- 
tion (c)  leaves  a  discrepancy  of  about  2".  That  is  not 
abnormal,  considering  the  uncertainty  of  the  elements. 
If  we  compute  by  the  equations  of  condition  the  un- 
certainty of  the  coordinates  of  June  30,  we  find 

±  123".8  for  a  cos  5 
±     22".3  for  5 

This  confirms  our  previous  result,  i>iz.,  that  the  ob.serva- 
tion  of  June  30  is  admissible  in  right  ascension,  but  not 
in  declination. 

In  a  second  solution  we  have,  besides  the  preceding 
equations  of  condition,  used  the  supplementary  equation 
corresponding  to  right  ascension  of  June  30.  We  ar- 
bitrarily assigned  to  it  a  weight  4,  wliich  corresponds  to 
an  observation  of  fair  quaUty.  The  Berlin  observations 
are  almost  the  best  of  the  epoch,  which  would  justify  a 
priori  a  maximum  weight  of  5;  but  consitlering  the  con- 
ditions of  visibility  so  difficult,  we  have  thought  the 
weight  ought  to  bs  reduced  at  least  to  4.  Perhaps  this 
value  is  too' high,  but  fortunately  it  has  no  great  influence 
on  the  result.  Under  these  conditions  the  normal  equa- 
tions (logarithmic  coefficients)  become: 


0.85429  X  +  9.51581  y  +  8.82151  z  +  8.56289J     +  0.52956  u  +  0.81954  w    = 


9.51581 

8.82151 

8.56289,, 

0.52956 

0.81954 


0.51679 

9.36539 

9.60482„ 

0.26977 

9.30782,, 


9.36539 

0.71749 

0.64961,, 

9.31228 

9.11727 


9.60482„ 

0.64981,, 

0.65218 

9.51108,. 

9.38899,, 


0.26977 

9.31228 

0.51108,, 

0.39818 

0.46007 


9.30782,, 

9.11727 

9.38899, 

0.46007 

0.79.537 


0.35953 

0.26922,. 

0.43048,, 

0.40302 

9.32181 

0.44634 


and  the  equations  of  elimination: 


0.85429  X  +  9.51581  y  +  8.82151  z 
0.51479  9.35965 

0.71610 


+  8.56289,.< 
9.60298,, 
0.64684,, 
9.87905 


+  0.52956  u  +  0.81954  w 
0.23194  9.70406,. 


8.73640 

8.71307,. 

7.66924 


9.02202 
9.26352,, 
7.92466 
7.()0558 


0.35953 

0.29308,. 

0.41 133„ 

9.00988 

9.26871 

9.097()6 


the  two  last  equations  were  obtained  indirectly,  as  in  the 
preceding  case.     The  results  are : 

flT  =  +0''009735  ±  0''.011874 
do}  =  +225".44     ±  114".0 
dO,  =  +107  .16    ±     18  .5 
di  =  +  23  .39    ±      9  .4 
dq  =  -0.0002969  =t  0.0000589 
''(")  "  -0-013133    =t  0.004111 


T  =  1855  May  30.20185  ±  0.01187  Berlin  M.T 
CO  =    22°  36'  9".4  ±  114".o  ^ 


Q  =  260    16  51  .8  ±     18  .5 
i  =  156   52  44  .8  ±      9  .4 
log  q  =  9.753776  =t  0.000045 
log  e  =  9.99724    ±  0.00102 


Mean  Equinox 
1855.0 


id) 


Period  =  S47  years  (between  529  and  1687) 
Mean  error  of  an  observation  of  weigiil  unity  =  9". 38. 
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The  corrections  are  much  larger  than  in  the  first  case, 
but  by  reason  of  the  increase  in  interval  of  time,  the 
mean  errors  have  become  less.  The  normal  places  are 
now  represented  as  follows: 


Differences  (observed  —  computed) 

Normal 
Place 

Aa 

cos  8 

A5 

From 

From 

From 

From 

Elements  d 

Equations 

Elements  rf 

Equations 

1 

+0".6 

+  0".2 

-   2".l 

-   2".3 

2 

-1   .5 

-1    .9 

+  0  .9 

+  0  .8 

3 

+2  .2 

+  1   .9 

-   0  .2 

-  0  .5 

4 

+  1  .8 

+  1   .4 

-   0  .3 

-   0  .4 

5 

+  1  .4 

+  1    .1 

+  3  .4 

+  3  .3 

6 

-0  .9 

-1   .2 

+   1   .6 

+   1   .5 

7 

-0  .6 

-0  .9 

+  2  .7 

+  2  .6 

8 

+5  .2 

+4  .8 

-   1  .6 

-    1   .7 

9 

-1   .4 

-1   .7 

-  2  .0 

-   2  .1 

10 

+2  .1 

+  1   .7 

(-98    5) 

(-98  .9) 

There  is  an  almost  constant  difference  between  the  values 
obtained  by  the  elements  and  those  which  result  from 
the  equations  of  condition:  this  difference  is  from  0".3 
to  0".4  in  a  cos  5,  and  0".l  to  0".2  in  8.  This  is  not 
caused  by  an  error  in  computation,  but  by  the  largeness 
of  the  corrections  which  certain  elements  have  under- 
gone, in  particular  the  element  -  ,  which  is  reduced  by 

more  than  half.  For  such  variations  there  is  a  sensible 
change  in  the  values  of  the  coefficients  of  the  equations 
of  condition,  which  easily  explains  the  discordance, 
which  is  however  very  small  in  comparison  with  the 
uncertainty  of  the  observations. 

The  right  ascension  of  June  30  is  sufficiently  well 
represented,  but  for  the  declination  the  discrepancy  is 
still  greater: 


-98'' 


9".6 


Again  it  appears  that  the  declination  is  not  usable. 

On  the  other  hand,  the  differences  have  become  greater 
in  the  two  coordinates  for  the  first  nine  normal  places. 
The  mean  error  of  an  observation  of  weight  unity  has 
increased  from  8". 89  to  9". 38  in  going  from  solution 
(c)  to  solution  (d).  It  accordingly  appears  doubtful 
whether  solution  (rf)  is  more  advantageous  than  the 
solution  (c).  The  uncertainty  of  the  observation  of 
June  30  is  to  be  considered,  the  comet  having  no  definite 
nucleus,  being  only  7°  above  the  horizon,  and  having 
diminished  theoretically  by  three  magnitudes  since  its  dis- 
covery, which  would  reduce  its  brightness  to  hardly  9th 
magnitude.  Hence  there  would  be  little  justification 
for  wishing  to  better  the  result  obtained  by  using  all 
the  observations  which  mutually  agree,  by  taking  into 


account  an  additional  isolated  one  of  very  doubtful 
character  and  certainly  erroneous  in  one  coordinate. 
We  Therefore  Adopt  the  Elements  (c)  as  Defini- 
tive. The  large  uncertainty  of  the  result  is  shown  in 
the  mean  errors,  by  which  the  unknowns  are  affected. 
This  was  to  be  expected  since  we  are  dealing  with  an 
object  observed  only  during  some  fifteen  days  under 
difficult  conditions.  From  solution  (d)  we  retain  only 
the  evidence  that  a  supplementary  observation,  incom- 
plete and  unreliable,  would  tend  to  increase  the  eccen- 
tricity; that  is  to  say  to  extend  the  period.  In  any 
event,  the  ellipticity  of  the  orbit  is  too  pronounced  to 
admit  of  any  possibility  of  representing  the  observa- 
tions by  a  parabolic  orbit. 


As  early  as  1855,  in  comparing  the  provisional  elements 
obtained  at  that  time  with  those  of  previous  comets, 
Don  ATI  {M.  N.,  16,  14,  1855)  and  Alexander  {Astro- 
nomical Journal,  4,  106,  1855)  pointed  out  the  possible 
identity  of  this  comet  with  the  first  comet  of  1362. 
BuRCKHARDT  {Monatl.  Corresp.  Zach.,  10,  166,  1804) 
computed  a  rough  orbit  of  the  latter,  based  chiefly  on 
Chinese  observations.  These  are  not  of  sufficient  number 
to  permit  the  computation  of  an  orbit,  but  Burckhardt 
filled  them  out  by  assuming  two  plausible  hypotheses 
as  to  the  latitude  of  the  comet.  He  thus  obtained  the 
following  elements,  beside  which  for  comparison  are 
tabulated  those  obtained  above  for  comet  1855  II  (re- 
duced to  equinox  of  1362) : 


Burckhardt 

1835  II 

1st  Hypothesis 

2d  Hypothesis 

T  (old  style) 

1362  March  11.2 

1362  March  2.3 

to 

30° 

20° 

22°.7 

Q 

249 

237 

253  .5 

i 

159 

148 

156  .9 

log  9 

9.659 

9.672 

9.754 

But  Burckhardt's  elements  do  not  rejjresent  well  the 
mean  position,  as  Holetschek  pointed  out  (Unter- 
suchungen  uher  die  Grosse  und  Helligkeit  der  Kometen,  1, 
74,  1896) :  the  differences  in  longitude  and  in  latitude  for 
the  first  hypothesis  are: 


AX  =  - 12° 
and  for  the  second: 

AX  =  -29° 


A(3  =  +14° 


A(3  =  -    1° 


Rough  as  this  approximation  is,  it  shows,  however,  that 
there  is  in  fact  a  certain  similarity  in  respect  to  the  posi- 
tion of  the  plane  of  the  orbit.  The  analogy  is  less  satis- 
factory as  to  perihelion  distance.     On  the  other  hand. 
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it  is  not  certain  that  the  two  orbits  olitained  by  Burck- 
HARDT  constitute  the  limiting  values,  which  represent  the 
data.  Before  attempting  a  new  computation,  I  examined 
them  carefully.  The  principal  sources  relating  to  the 
apparition  of  1362  are  found  in  the  Cometographie  by 
PiNGRE.  The  vague  information  which  European  chron- 
iclers have  left  us  would  have  been  altogether  useless 
without  the  observations  collected  in  China  and  set 
down  in  the  Chinese  A7inals.  Among  the  different  inter- 
pretations which  have  been  given  to  these,  the  most 
trustworthy  seems  to  be  that  of  J.  Williams  (Observa- 
tions of  Comets  from  B.  C.  611  to  A.  D.  1640  extracted 
from  the  Chinese  Annals,  London,  1871,  p.  72.)  This 
author  discusses  the  earher  sources  (Pingre,  Biot,  etc.), 
and  gives  a  better  interpretation  of  some  of  the  doubtful 
points. 

Observed  in  Chma  on  March  5,  1362  (old  style)  before 
sunrise,  the  comet  was  described  as  being  bluish-white  in 
color.  Its  right  ascension  was  7.2  degrees  (circle  divided 
into  3653^  degrees)  from  the  constellation  Wei,  which 
begins  with  a  Aquarii,  that  is  a  =  323°.2  -|-  7°.l  = 
330°.3  (equmox  1362).  Neither  the  place  nor  the  time 
of  observation  are  stated;  we  assume  that  the  observer 
was  at  Peking,  and  that  he  observed  about  5  o'clock  in 
the  morning.  Since  the  comet  was  observed  a  little 
before  sunrise,  this  cannot  be  far  from  the  truth.  The 
European  observers  add  the  detail  that  the  comet  ap- 
peared near  Venus,  which  led  Burckhardt  to  assume 
the  latitude  zero  for  that  date.  Tlic  Chinese  observa- 
tion unfortunately  is  not  precise  as  to  the  declination. 
On  March  17th  the  comet  passed  near  the  western  star 
of  Lekuruj,  formed  by  the  three  groups  of  two  stars  each: 
X,  /j;  ri,  o,  and  i;,  t  Pegasi.  The  most  western  star  is 
o  Pegasi,  the  position  of  which  in  1362  was 


a  =  333°.0, 


5  =  -|-26°.0 


The  star  X  diff(!rs  little  in  right  ascension  from  o,  and 
for  a  northern  observer,  looking  at  the  constellation 
rising  in  the  east,  X  would  appear  more  to  the  right,  and 
might  have  been  taken  as  the  farthest  west.  In  that 
case,  the  position  would  be 


=  334M, 


5  =  -|-20°.3 


Bui  in  view  of  the  way  the  Chinese  were  accustomed  to 
count  right  ascensions,  we  believe  that  the  first  inter- 
pretation is  the  most  probable,  and  we  have  adopted  it 
in  the  computation. 

On  the  following  days,  the  comet  developed  a  long 
tail,  but  the  linear  unit  used  to  express  the  length  gives 
no  indication  as  to  the  angular  extent.  On  March  28, 
the  nucleus  was  not  observed,  but  the  tail  alone,  which 
is  described  as  a  white  cloud  of  curved  form,  crossing  the 
sky,  directed  toward  tht;  west  and  passing  Ardurus.     In 


a  first  approximation  we  can  consider  the  tail  opposite 
the  Sun  and  conclude  that  the  nucleus  could  not  be  far 
from  the  arc  of  a  great  circle  passing  through  Arcturus 
and  the  Sun  on  that  date. 

On  April  1st  the  comet  was  star-like,  without  a  tail, 
in  size  compared  to  a  cup  of  liquor,  and  passed  before 
Tee  Yang.  According  to  Williams  this  refers  to  x  Ursce 
Majoris.  But  this  is  contratlicted  by  a  more  definite, 
additional  statement:  the  comet  was  then  6  degrees 
from  the  Pleiades.     This  gives  the  right  ascension, 

a  =  47°..5  +  5°.9  =  53°.4 

while  that  of  x  Ursw  Majoris  is  168°. 

We  have  submitted  this  contradiction  to  F.^ther  R. 
P.  Geluy  of  the  Mission  de  Scheut  (near  Brussels),  who 
has  in  his  possession  a  copy  of  the  Sheke,  or  voluminous 
Chinese  Annals.  This  sinologue  has  been  kind  enough 
to  call  our  attention  to  the  fact  that  the  constellation 
rejiroduced  on  Plate  14  of  the  book  by  Williams  is 
designated  as  Tw  Yang  Shou,  whUe  this  word  Shou 
(meaning  star)  is  not  found  in  the  text.  The  Chinese 
designation  therefore  would  not  refer  to  a  star,  but  to 
the  vaguer  notion  of  "uncertain  or  dit\\iaing  luminosit}'." 
I  have  assumed  that  it  perhaps  referred  to  the  twiUght, 
and  that  the  author  meant  to  say  that  the  comet  passed 
its  conjunction  with  the  Sun  at  that  time,  as  the  given 
right  ascension  shows.  The  Chinese  observer  adds  that 
that  day  the  comet  appeared  like  a  star,  without  tail. 
We  cannot  therefore  assume,  as  was  the  case  on  March 
28,  that  it  was  not  the  nucleus  but  the  tail  which  would 
pass  before  the  star  x  Ursw  Majoris.  However  that 
may  be,  we  will  use  the  above  right  ascension  of  April  1st, 
but  we  will  assume  that  the  observation  was  made  about 
7.00  p.  M.  local  time.  The  Chinese  Annals  add  that  on 
April  7th  the  comet  began  to  disappear  and  was  not  seen 
later. 

From  a  geometrical  point  of  view,  we  can  only  derive 
from  these  Chinese  records  the  two  data  of  sufficient 
accuracy: 


h  =  March    4.39  G.M.T. 
U  =  March  31.81  G.M.T. 


a,  =  330°.3 
a,  =   53  °.4 


In  addition  we  know  that  on  Marcii  17  the  coordinates 
were  nearly  those  of  o  Pegasi: 

k  =  Marcli  l().;i9  G.]\I.T.,       a-,  =  330°.0,       5.  =  -|-26°.0 

and  that  at  the  instant  h  =  March  27.39  G.M.T.,  the 
head  of  the  comet  was  not  far  from  the  arc  joining  the 
Sun  and  Arcturus.  If  we  assume  that  the  comet  was 
exactly  on  the  circle,  we  will  have  exhausted  all  the 
available  geometrical  data.  This  gives  us  five  conditions 
to  be  fulfilled,  that  is,  just  what  is  nece.s.siry  for  the 
computation  of  a  paraboUc  orbit,  except  that  the  data 
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are  in  an  unusual  form:  three  right  ascensions,  ai,  ao, 
04;  one  declination,  So,  and  the  condition  as  to  one  date, 
ti,  that  the  object  should  be  on  a  certain  great  circle. 
We  have  carried  out  the  solution  in  the  following  manner : 
the  geocentric  coordinates  of  the  comet  at  an  epoch  t 
may  be  expressed  as  follows: 


r  cos  a  cos  5  =  A'  +  fx2  +  gx'2 


(a) 


"1    sin  a  cos  5 


L 


sin  5 


y  +  I'm  +  gy'2 

Z  +  fz,  +  gz'. 


X,  Y  and  Z  being  the  coordinates  of  the  Sim  at  the  in- 
stant t,  xo,  !/2  and  Z2  the  heliocentric  coordinates  of  the 
comet  at  the  instant  ti  considered  as  an  origin,  and  x'2,  ij\ 
and  z'l  the  derivatives  of  these  coordinates  at  the  same 
moment;  /  and  g  are  coefficients,  functions  of  the  dynamic 
elements  only,  which  for  epochs  t,  close  to  /•>,  have  the 
approximate  value: 


/^  1 


and 


g  7^  it  -  k)k 


k  being  Gauss's  constant. 

The  two  first  equations  (a)  give: 

_  y  +fy2  +  9y'2 


ib) 


tan  a 


X+fx2  +  gx'2 


The  right  ascensions  corresponding  to  the  epochs  ti  and 
^2  give  us  two  equations  of  condition  of  that  form.  If 
we  assume  the  geocentric  distance,  p2,  corresponding  to 
the  second  dats.  we  have  at  once  .r2,  y^  and  Z2,  since  the 
geocentric  position  is  known.  These  quantities  substi- 
tuted in  (6)  give  two  linear  equations  of  condition  in 
x'2  and  y'2,  which  permit  the  calculation  of  the  values  of 
these  derivatives;  a  first  calculation  will  give  approxi- 
mate values,  since  /  and  g  are  known  only  approximately. 
The  condition  that  the  orbit  is  parabolic 


(c) 


x'2-  +  y'2'  +  z'2- 


permits  us  to  find  z'2  and  conseciuentlj'  to  compute  the 
dynamic  elements.  We  will  obtain  from  these  more  pre- 
cise values  for  /  and  g,  which  will  give  more  a])proximate 
values  for  x'2  and  y'2,  and  so  on,  until  the  quantities 
change  no  longer.  This  process  is  \eiy  converging. 
Rarely  has  it  been  necessary  to  renew  the  calculation 
after  the  second  approximation.  With  the  final  values 
obtained  we  find  by  equations  (a)  relative  to  the  instant 
ti  the  position  on  that  date. 

The  computation  is  gone  through  again  with  another 
value  of  the  geocentric  distance  p2  and  that  quantity  is 
varied  so  that  the  third  position  should  be  90°  distant 
from  the  pole  of  the  great  circle  passing  through  Arcturus 


and  the  Sun.     We  have  made  this  computation  using 
the  following  three  hypotheses  with  regard  to  P2 : 


Elements 

Log  p2  =  9.80 

Log  p2  =  9.70 

Log  p2  =  9.50 

s 

.316° 

228° 

195° 

£0 

22 

304 

297 

i 

145 

140 

114 

log  9 

9.518 

9.438 

9.672 

T  1362  March 

-3<'.43 

-5.14 

-9.78 

The  corresponding  geocentric  positions  are: 


Epoch 

Log  ,02 

=  9.80 

Log;0; 

a 

=  9.70 
5 

Logp2 

a 

=  9.50 

a 

5 

5 

ti 

330° 

+  2° 

330° 

-  8° 

330° 

-24° 

<2 

333 

+£6 

333 

+M6 

333 

+26 

ts 

4 

+  66 

5 

+72 

0 

+78 

ti 

53 

+  73 

53 

+78 

53 

+83 

Distance  from  comet  to  great  circle  Sun-Ardurus  at 
epoch  ^3: 

Log  p2  9.80     9.70     9.50 

Distance       16°       19°      20° 

We  see  that  in  each  case  the  direct  data  are  entirely 
represented  (numbers  in  italics)  but  that  none  of  the 
three  hj^potheses  satisfies  the  condition  that  the  comet  at 
the  epoch  t^  is  on  the  great  circle  in  question.  Yet  the 
distance  is  not  considerable,  and  it  is  little  different  in 
the  three  hypotheses.  We  can  consider  that  all  three 
represent  almost  equally  the  data.  The  deviation  is  in 
such  a  direction  that  the  comet's  tail  would  be  in  retard 
on  the  radius  vector  joining  the  Sun  to  the  comet.  The 
Chinese  observer  described  the  tail  as  curved,  which 
is  one  more  reason  that  there  should  not  be  complete 
coincidence.  The  smallest  distance  (16°)  produced  by 
log  P2  =  9.80  seems  to  indicate  that  a  more  perfect  coin- 
cidence would  be  obtained  by  increasing  still  more  the 
geocentric  distance.  But  we  are  limited  on  this  side, 
if  we  restrict  ourselves  to  a  parabolic  orbit,  the  values 
of  z'  found  from  equation  (c)  becoming  imaginary  for 
larger  values  of  p2-  On  the  other  hand,  if  we  consider 
the  declination  on  the  first  date  ii,  we  see  that  an  in- 
crease in  P2  places  the  comet  farther  and  farther  north. 
But  according  to  an  indication,  vague  it  is  true,  bj^ 
European  observers  the  comet  was  not  far  from  Venus 
on  that  date.  The  position  of  that  planet  was  at  that 
moment : 

a  =  315°  5  =  -18° 

as  derived  from  the  tables  of  Neugebauer  {Veroffentl. 
des  Kgl.  Rechen-Instituts,  Berlin,  No.  25).  We  see  that 
the  smallest  values  of  P2  place  the  comet  much  nearer 
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Venm,  which  Hmits  also  the  extent  of  the  plausilile  vahies 
of  that  (juantity. 

All  things  considered,  there  exists  a  large  uncertainty 
in  the  solution.  This  uncertainty  is  even  greater  than 
the  preceding  computations  indicate:  we  have  assumed 
in  fact  that  on  date  h  the  comet  coincided  with  o  Pegasi, 
while   the  observer  merely  signified   a   proximity.     This 


nearness  is  susceptible  of  many  different  interpretations, 
which  introduces  a  still  further  cause  of  uncertainty.  We 
see  that  it  is  indeed  difficult  to  reach  precise  conclusions. 
We  have  made  still  another  trial.  Taking  as  they  are 
the  elements  of  the  comet  ISoo  II  brought  do^m  to  1362, 
we  have  computed,  making  several  hypotheses  on  the 
time  of  perihelion,  the  geocentric  positions  of  the  comet: 


T  1362 

February  23.0 
a                    S 

March  5.0                        March  10.0                       March  20.0 
a                      5                   a                      8          \          a                      8 

Observed 
a                    8 

Mar.    4.39 
Mar.  16.39 
Mar.  31.96 

319°.0 

5  .1 

73  .0 

+  2°.2 
+46  .1 
+47  .5 

319°.6 

337  .5 

58  .1 

-10°.7 

+  17  .5 
+49  .8 

321°.7 

332  .2 

44  .1 

-14°.3 
+  5  .1 
+50  .3 

329°.3 

330  .5 

7  .3 

- 18°.3 
-  9  .2 
+33  .0 

330°.3 

330  .0 

53  .4 

+  26°.0 

In  order  to  represent  the  first  place,  it  would  be  necessary 
to  have   T  =  March  21;    to  represent   the  second,   T  =   ; 
March  3  would  give  the  best  result;    the  third  would  | 
require    that    T  =  March    7.     We    find    again    that    the  ] 
representation  of  all  the  data  at  once  is  therefore  almost 
impossible.  ; 

The  objection  could  be  made  that  in  the  interval  of 
the  two  apparitions  the  orbit  of  the  comet  could  have 
been  sensiblj'  affected  by  perturbations.     But  the  un- 
certainty of  the  period  is  such   (see  elements  c)  that   if  j 
indeed  we  ha\'c  the  same  comet  in  1362  as  in  1855  it  is  j 
not  possible  to  affirm  that  between  the  two  api)aritions  j 
there  may  not  have  been  one  or  even  two  intermediate  1 
returns.     That  is  to  say,  that  all  attempt   to  compute 
perturbations  over  a  long  interval  of  time  would  be  illusorj". 

To  summarize,  considering  only  the  geocentric  side  of 
the  question,    the   identity   of   the   comets   of    1362  and 


1855     remains    doubtful.     The     difference     in    physical 

characteristics  between   the   two   apparitions  appears  to 

be   a   more   certain   argument   against   the  identity.     At 

its  maximum  brightness  the  comet  of  1855  was  a  small 

nebulosity,   nearly   round,   without   tail,   of  an  apparent 

brightness    of    about    6    magnitude.     It    was    not    then 

visible,  or  only  with  difficulty,  to  the  naked  eye.     The 

former  apparition  deals  with  a  bright  comet,  visible  to 

the  naked  eye  in  twilight,  and   developing  at  a  certain 

time  a  tail  more  than  90°  long,  if  it  is  true  that  on  March 

28th  it  extended  to  Arctunis.     The  difference  in  intrinsic 

brightness  between  the  two  apjiaritions  is  so  great  that 

it  appears  difficult  to  admit  th.at  it  is  one  and  the  same 

object  at  successive  returns. 

The  identity  of  the  comet  of  1362  with  that  of   1855 

cannot,    in   my   opinion,    be   considered   as   in   any    way 

proved. 

Yerkes  Observatory,  January  ^S  19t6. 


NOTE   OX   THE   SYSTE.AI  OF   THE   BRIGHTER   .1    STARS, 

Bv  H.  C.  PLUMMER. 


As  Mr.  C.  a.  Maney  remarks  in  his  article  on  this 
subject  {A.J.,  Nos.  679-680)  "the  amount  of  profitable 
work.  .  .  .seems  almost  without  limit."  And  the  sug- 
gestions contained  in  his  contribution  may  prove  very 
valuable.  At  the  same  time  it  seems  jTarticularly  de- 
sirable to  bring  independent  views  as  far  as  po.ssible  to  a 
common  measure  and  the  following  remarks  are  offered 
to  this  end. 

Mr.  Maney  has  solved  the  equation 

Vo  cos  d  +  K  -  r  =  0 

by  least  squares,  according  to  different  arrangements  of 
the  data.  In  this  way  several  pairs  of  values  of  Vu  and 
K  are  obtained.  It  may  be  suggested  at  once  that  no 
physical  significance  need  be  attached  to  the  divergences 
among  the  values  of  K.    The  measure  of  variability  of 


the  quantity  1'  is  shown  to  be  of  the  order  oi  12  km./sec. 
Hence  without  any  elaborate  anal,\'sis  we  should  expect 
from  n^  equations  an  uncertainty  in  K  of  the  order  12/  n. 
For  the  six  groups  in  Talilc  I\'  n  =  7  and  we  should 
expect  an  uncertainty  of  about  1.7.  The  total  range 
among  the  sbc  values  of  K  is  3.54  and  there  is  nothing 
surprising  in  this  figure.  For  the  two  groups,  galactic 
and  extra-galactic,  in  Table  III  n  =  12  and  the  uncer- 
tainty should  be  about  1.  The  actual  difference  is  only 
0.63.  In  Table  I  n  =  15  on  the  average  and  the  uncer- 
I  tainty  may  be  about  0.8  while  the  actual  range  is  1.6. 
The  case  here,  however,  is  different  because  the  material 
of  the  three  solutions  is  not  independent.  But  if  any 
point  needs  explanation  it  is  not  the  Yerkes  result,  which 
practically  re])roduces  the  first  Lick  .solution,  but  the 
difference  between  the  two  Lick  results.     The  effect  of 
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increasing  the  numl)er  of  stars  by  only  20  per  cent,  is 
perhaps  rather  surprising.  Before  attributing  the  di- 
vergence between  the  Yerkes  and  the  second  Lick  solu- 
tion to  the  distribution  of  the  stars  it  is  necessary  to  be 
sure  that  there  is  no  systematic  discordance  between  the 
Lick  and  Yerkes  velocities.  Mr.  Maney  makes  no 
allusion  to  this  point. 

The  differences  found  among  the  values  of  Vo  in  Table 
IV  and  particularly  Table  III  are  more  important. 
Mr.  Maney  connects  them  with  some  criticism  of  the 
galactic  hypothesis  of  stellar  motion  which  I  have  em- 
ployed in  certain  investigations.  It  must  be  confessed 
that  it  is  equally  difficult  to  criticize  or  to  defend  this 
hypothesis  because  it  can  be  taken  to  b(>  true  only  in 
the  extreme  sense  of  the  pragmatical  philosopher.  All 
that  is  claimed  is  that  it  is  sufficiently  true  of  a  sufficient 
number  of  stars  to  have  a  practical  value. 

However  this  may  be,  it  is  certain  that  Mr.  Maney 
has  misconceived  the  bearing  of  his  results  on  the  hy- 
pothesis. Indeed,  he  seems  to  have  misconceived  the 
meaning  of  the  quantity  Fq.  The  values  of  Vo  represent 
the  velocity  of  a  group  of  stars  as  a  whole  relative  to  the 
Sun.  So  far  as  they  are  valid  at  all  the  peculiar  veloci- 
ties of  the  stars  {i.  e.  their  motions  relative  to  the  mean  in 
each  group)  compensate  one  another  and  are  eliminated 
in  each  solution.  It  follows  that  Table  V  is  based  on  a 
complete  misapprehension.  The  value  of  Vo  should  be 
constant  in  all  the  groups  of  Table  IV  and  this  should  be 
so  whether  we  adopt  the  two-stream,  the  ellipsoidal  or 
the  galactic  hypothesis.  The  differences  in  Vo  imply 
relative  motion  between  groups  of  stars  differently  situa- 
ted in  space  and  this  is  equally  subversive  of  any  uniform 
hypothesis.  After  Table  III,  which  indicates  that  the 
extra-galactic  stars  are  moving  with  a  velocity  of  six 
km. /sec.  relative  to  the  galactic  stars,  Mr.  Maney 
remarks  that  "the  effect  of  star  streaming  is  quite  marked." 
The  expression  "star  streaming"  in  this  connection  seems 
distinctly  unfortunate  because  it  has  been  consecrated  to 
a  quite  different  technical  meaning.  Elsewhere  he  speaks 
of  "a  large  preferential  motion  relative  to  the  Sun." 
But  what  we  commonly  understand  by  preferential 
motion  is  a  property  of  the  internal  motions  of  the  stars 
when  the  movement  of  the  Sun  has  been  •  eliminated  as 
far  as  possible. 

Mr.  Maney  is  therefore  not  justified  in  thinking  that 
on  any  hypothesis  the  different  zones  will  yield  values  of 
Fo  cos  X  instead  of  a  constant  Vo-  Having  disproved 
this  unreal  expectation  he  suggests  another  formula  for 
Vo-  As  a  matter  of  fact  25.3  cos'  \  will  answer  the  pur- 
pose practically  as  well  as  his  more  complicated  form. 
But  what  is  the  use  of  such  formulae  when  they  apply 
only  to  four  of  the  six  zones  and  are  obviously  out  of 
harmony  with  the  other  two  results  in  Table   IV?     It 


seems  unprofitable  to  follow  the  deductions  from  them 
further. 

But  when  all  tiiis  has  been  said  with  regard  to  the 
interpretation  to  be  placed  on  Mr.  Maney's  results, 
the  results  themselves,  as  expressed  in  Tables  III  and 
IV,  remain.  It  is,  however,  difficult  to  form  any  judg- 
ment as  to  their  value.  The  figures  are  incomplete 
because  they  need  to  be  accompanied  by  the  probable 
errors  which  result  from  the  process  of  solution.  Mr. 
Maney  may  be  invited  to  supply  this  necessary  informa- 
tion. 

Provisionally  it  is  possible  to  guess  at  the  order  of 
magnitude  of  the  probable  errors  of  Vo.  Were  the  dis- 
tribution of  the  stars  sjonmetrical  in  every  case,  the 
normal  equations  would  be 

K  =  :SV/n 

Vo  =  ^V  COS  d/^  co.s-^  d 

or  the  corresponding  probable  errors  being  k,  Uo  and  v, 

k  =  v/Vn 

Vo  =  i'/(^  cos-  dy 

The  distribution  of  the  stars  is  indicated  in  the  annexed 
Table  I,  for  the  several  groups  in  galactic  latitude  X  and 
different  distances  d  from  the  apex.  It  is  easily  deduced 
that  on  the  average  S  cos^  d  is  about  16  and  therefore 
if  f  =  12  the  probable  error  of  Vo  in  Table  IV  is  of  the 
order  3. 

Table  I 


X 

0-7° 

8-13° 

14-24° 

25 

-34° 

35 

-49° 

50-90° 

d 

0-  39° 

6 

6 

5 

10 

5 

4 

36 

40-  69 

6 

8 

9 

9 

10 

18 

60 

70-  89 

14 

14 

4 

4 

7 

11 

54 

90-109 

3 

10 

11 

6 

8 

5 

43 

110-139 

8 

8 

13 

12 

14 

10 

65 

140-180 

8 

5 

4 

3 

4 

2 

26 

45        51 


46 


44 


48 


50       284 


Now  the  range  in  the  value  of  Vo  for  the  four  groups: 
I,  III,  IV,  VI,  is  3.8  and  under  the  circumstances  these 
results  may  be  considered  remarkably  satisfactory.  On 
the  other  hand  the  results  in  groups  II  and  V  each  differ 
by  about  six  from  the  mean.  These  are  less  satisfactory 
certainly,  and  yet  it  is  permissible  to  regard  the  devia- 
tions as  accidental. 

This  view  may  be  confirmed  in  another  way.  If  the 
sbc  values  of  Vo  as  they  stand  be  regarded  as  independent 
determinations  of  one  constant  quantity,  the  "mean 
square"  deviation  from  the  mean  may  be  calculated. 
It  is  3.8.  This  again  implies  a  probable  error  in  a  single 
determination  of  Fo  of  the  order  3  or  rather  less. 

When  the  galactic  and  extra-galactic  groups  are  taken 
together  as  in  Table  III,   1'  cos'  d  is  about  49  in  each 
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division.  The  probable  error  to  be  expected  is  therefore 
rather  less  than  2.  Hence  the  difference  of  6  km./sec. 
actually  found  is  certainly  large.  It  is,  however,  very 
much  the  same  difficulty  under  tuiother  form,  for  the 
greater  part  of  the  discrepancy  is  to  be  attributed  to  the 
abnormal  results  in  groups  II  and  V.  It  is  not  necessary 
to  accept  this  figure  as  expressing  exactly  the  relative 
velocities  of  the  galactic  and  extra-galactic  systems  of 
A  stars,  but  the  suggestion  that  the  two  systems  are 
moving  relatively  to  one  another  need  not  be  hastily 
dismissed. 

On  the  whole,  however,  it  seems  abundantly  clear 
that  the  differences  among  Mr.  Maney's  values  of  W 
must  be  very  largely  discounted  in  view  of  the  inherent 
uncertainty  in  the  determinations.  And  it  is  fortunate 
that  this  is  so.  For  if  it  were  necessary  to  take  his 
figures  at  their  face  value  and  suppose  that  all  the  stars 
in  one  galactic  zone  are  really  moving  as  a  whole  relatively 
to  the  stars  in  another  zone  with  the  velocity  12  km./ 
sec,  we  should  be  dealing  with  a  chaos  in  which  the 
search  for  law  would  be  practically  hopeless.  Incidental- 
ly, such  a  conclusion  would  reduce  Mr.  Maney's  own 
investigation  to  an  inconsistency.  For  if  the  velocities 
of  a  group  are  so  widely  variable  in  amount  it  cannot 
be  supposed  that  they  are  identical  in  direction.  Yet 
the  whole  is  based  on  the  assumption  of  a  particular 
direction,  a  =  270°,  6  =  +30°. 

Table  II  exhibits  the  distribution  of  the  residual  radial 
velocities  which  result  from  the  general  solution,  according 
to  the  several  groups.  It  will  be  noticed  that  there  is  an 
excess  of  large  residuals  in  groups  II  and  ^'.     But  there  is 


Table  II 


km./sec. 

I 

II 

III 

IV 

V 

VI 

AU 

-40 

2 

5 

0 

1 

2 

0 

10 

-30 

3 

4 

3 

1 

5 

1 

17 

—  20 

9 

9 

4 

3 

39 

—  10 

0 

10 

12 

10 

13 

13 

15 

73 

11 

9 

10 

11 

16 

23 

80 

+  10 

8 

7 

7 

7 

5 

6 

40 

+  20 

4 

6 

4 

2 

1 

2 

19 

+  30 

0 

1 

3 

0 

2 

0 

0 

+40 

284 

Means 

12.1 

14.1 

13.1 

10.0 

11.4 

7.5 

(without 
sign) 

-1.1 

-2.1 

+  1.7 

-1.5 

-1.2 

+  2.5 

with  sign) 

no  sign  of  that  marked  dissymmetry  which  would  be  ex- 
pected if  the  departure  of  the  group  solutions  from  the 
general  solution  were  real.  This  point  is  confirmed  b.y 
the  mean  residuals  with  regard  to  sign  for  the  different 
groups,  which  are  appended  to  the  table.  These  arc 
certainly  not  abnormally  large.  The  residuals  of  this 
table  have  a  bearing  on  the  hypothesis  of  galactic  mo- 
tions. In  the  first  five  groups  the  effect  of  foreshortening 
is  small  and  rather  uncertain.  In  the  last  group,  above 
galactic  latitude  50°,  it  is  well  marked  both  in  the  increase 
of  residuals  falling  within  the  limits  ±10  and  by  the 
mean  without  regard  to  sign.  The  effect  can  be  vari- 
ously explained,  but  the  figures  are  fairly  in  accord  with 
the  galactic  hypothesis. 

li)lo,  Novanber  lo. 


SAN    LUIS    DECLINATIONS, 

By  .\RTHUR  J.  ROY. 


In  an  attempt  to  ascertain  and  ehniinatc  the  personal 
differences  among  the  three  fundamental  observers  at 
San  Luis  during  1909  and  1910,  so  much  of  interest  ha,-; 
appeared  that  it  sin-ms  advisalilo  to  publish  an  outline  of 
the  preliminary  results  in  advance  of  the  fihal  discussion. 
At  the  very  outset  of  the  reductions,  it  was  found  that 
there  were  decided  personalities  wiiicli  nuist  be  evaluated 
because  they  could  not  he  directly  eliminated,  and  the 
first  approximation  was  made  on  broad  lines  with  a  view 
to  ascertaining  a  system  of  fundamental  positions  which 
would  found  a  homogeneous  set  of  zenith  distances. 
Naturally,  all  corrections  for  known  errors  have  been 
applied  and,  as  far  as  possible,  outstanding  uncertainties 
and  unknown  errors  have  been  eliminated.  The  leading 
object  was  to  avoid  deforming  the  system  ratiier  than  to 
attain  the  highest  precision  on  individual  stars. 


There  were  pronoimced  systematic  tlifferences  between 
the  runs  as  sunultaneously  determined  by  two  readers, 
but  this  would  have  no  appreciable  systematic  effect 
and  could  scarcely  amount  to  ±0".03  for  any  star.  The 
division  correction  was  thoroughly  determined  at  Albany, 
redetermined  to  the  fifteen  degree  jioints  both  at  San 
Luis  and  on  the  return  to  .Vli)any.  No  discrepancies 
appeared  that  could  call  in  tiuestion  the  original  deter- 
mination. The  inclination  of  the  fixed  zenith  distance 
wire  was  very  precisely-  determined  by  occa.sionally 
making  two  pointings  and  readings  on  equatorial  stars. 
The  flexure  of  the  circles  has  been  repeatedly  delermineil 
and  the  only  notable  discordance  wa.s  in  the  sine  flexure 
of  circle  B,  for  which  the  San  Luis  result  differed  ()".2 
from  the  previous  and  subsequent  lielerniinjitions  made 
in  Albany.     The  various  measures  of  the  sine  flexure  of 
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Table  L     San  Luis  Latitudes 


Decl. 

AE 

AW 

BE 

BW 

R 

V 

T 

R 

V 

T 

R 

V 

T 

R 

V 

T 

-113° 

4.18 

4.86 

4.70 

4.24 

4.30 

4.77 

4.52 

4.52 

4.33 

4.69 

5.23 

5.13 

-109 

4.72 

4.26 

4.90 

3.92 

4.15 

4.34 

4.03 

4.91 

3.97 

4.34 

4.85 

4.40 

-104 

4.50 

4.92 

4.32 

4.27 

4.19 

4.27 

3.92 

4.76 

4.20 

4.44 

4.83 

4.84 

- 100.6 

4.40 

5.12 

4.32 

4.28 

4.48 

4.00 

5.07 

4.61 

4.53 

5.11 

5.41 

4.74 

-   96.3 

4.94 

5.34 

4.45 

4.04 

4.88 

4.49 

4.59 

4.87 

4.62 

4.83 

5.33 

4.71 

-   92.1 

5.13 

5.02 

4.71 

4.72 

4.53 

4.69 

4.75 

5.23 

4.96 

5.33 

4.84 

4.94 

-  87.9 

5.11 

5.35 

4.85 

4.87 

4.50 

4.64 

4.74 

4.83 

5.07 

5.24 

5.02 

5.12 

-  83.7 

5.10 

5.05 

5.03 

4.57 

4.64 

4.86 

5.03 

4.77 

5.13 

5.19 

5.07 

5.19 

-  79.4 

5.43 

5.13 

5.13 

4.73 

4.78 

4.96 

4.96 

5.03 

5.36 

5.26 

5.23 

5.22 

-  76.4 

5.57 

5.28 

5.49 

4.73 

4.61 

5.16 

5.17 

5.41 

5.34 

5.54 

5.44 

5.30 

-  71.0 

5.49 

5.25 

5.29 

4.87 

4.67 

5.17 

4.99 

5.33 

5.30 

5.40 

5.30 

5.12 

-  66.5 

5.59 

5.53 

5.49 

5.03 

5.01 

5.34 

5.26 

5.13 

5.55 

5.42 

5.22 

5.41 

-  62.0 

5.31 

5.31 

5.30 

4.86 

5.01 

4.87 

5.13 

5.06 

5.57 

5.57 

5.28 

5.39 

-  56.3 

6.00 

5.82 

5.92 

5.36 

5.36 

5.74 

5.68 

5.63 

6.06 

5.83 

5.57 

5.81 

-  48.5 

6.31 

5.87 

6.07 

5.43 

5.25 

5.74 

5.73 

5.77 

5.89 

5.96 

5.78 

5.87 

-  41.5 

5.95 

5.72 

6.03 

5.22 

5.17 

5.53 

5.67 

5.58 

6.12 

5.72 

5.68 

5.90 

-   36.0 

5.96 

5.86 

6.00 

5.31 

5.16 

5.58 

5.70 

5.57 

5.97 

5.51 

5.43 

5.81 

-  30.1 

5.85 

5.98 

5.97 

5.32 

5.29 

5.55 

5.76 

5.85 

6.18 

5.53 

5.62 

5.83 

-  23.6 

5.96 

5.58 

5.91 

5.36 

5.29 

5.79 

5.65 

5.72 

6.03 

5.47 

5.60 

5.91 

-   15 

5.77 

5.56 

5.91 

5.26 

5.18 

5.64 

5.51 

5.56 

5.89 

5.51 

5.61 

5.74 

-     5 

5.80 

5.65 

6.01 

5.34 

5.27 

5.80 

5.50 

5.48 

5.87 

5.58 

5.63 

5.98 

+     5 

5.97 

5.75 

6.09 

5.49 

5.39 

5.76 

5.79 

5.77 

6.03 

5.66 

5.77 

6.09 

+  15 

6.15 

6.07 

6.40 

5.68 

5.56 

6.10 

5.70 

5.96 

6.23 

5.83 

5.97 

6.25 

+  25 

6.32 

6.12 

6.68 

5.72 

5.82 

6.26 

5.87 

6.02 

6.42 

5.91 

6.21 

6.60 

+  31.5 

6.54 

5.83 

6.50 

5.74 

5.78 

5.75 

5.90 

5.84 

6.16 

5.85 

6.21 

6.39 

+  34.5 

6.68 

6.61 

6.69 

6.56 

5.82 

6.58 

6.27 

6.44 

6.58 

6.39 

6.80 

7.16 

+  37.5 

6.53 

6.80 

7.44 

5.91 

6.51 

6.71 

6.62 

6.53 

6.81 

6.40 

6.73 

7.14 

+  40.5 

7.56 

7.20 

7.86 

6.39 

6.41 

6.90 

6.53 

6.84 

7.12 

7.03 

6.82 

7.14 

+  43.5 

7.27 

7.08 

7.61 

6.58 

6.84 

7.49 

6.51 

6.91 

7.42 

7.79 

7.11 

7.72 

+  46.5 

7.98 

7.26 

8.44 

7.14 

6.28 

7.56 

7.75 

9.06 

7.96 

7.81 

8.76 

8.99 

+  49 

8.47 

7.55 

8.00 

6.83 

6.86 

8.32 

6.99 

7.86 

7.57 

8.80 

7.38 

9.16 

the  telescope,  by  means  of  small  opposing  collimators, 
have  been  quite  accordant,  and  though  the  apparent 
proljable  error  was  ±0".03,  it  was  believed  that  the  real 
probable  error  might  be  more  than  ±0".06. 

Reflection  observations  for  the  determination  of  the 
cosine  flexure  of  the  telescope  have  been  taken  but  de- 
finitive results  have  not  yet  been  obtained. 

The  Pulkova  refraction  tables,  with  the  necessary 
extension  of  the  barometric  factor  strictly  in  proportion 
to  the  pressure,  were  used.  The  nadir  correction  was 
determined  at  irregular  intervals,  less  frequently  in  long 
series  or  subseries  than  in  short  series.  Where  the  evi- 
dence seemed  to  warrant  it  the  correction  was  assumed 
to  vary  uniformly  with  the  time,  and  the  mean  correction 
for  any  subseries  was  assumed  to  be  independent  of  the 
adjacent  subseries.  The  variation  was  much  larger  and 
more  frequent  on  the  west  pier  than  on  the  east.  Cor- 
rections were  also  applied  for  personalities  dependent 
upon  feet  north  or  feet  south  (S-N)  and  for  variation  of 


latitude  as  shown  in  Albrecht's  papers  in  A.  N.,  Nos. 
4414,  4504,  and  4588. 

The  corrected  zenith  distances  combined  with  the 
positions  of  the  P.  G.  C.  furnished  determinations  of  the 
latitude  which  were  tabulated  for  each  star,  for  each 
observer  in  the  four  combinations  of  the  two  circles  A 
and  B,  and  in  the  two  positions  clamp  east  and  clamp 
west.  Means  were  formed  in  very  small  groups,  and  lest 
an  erroneous  declination  should  have  an  undue  influence, 
weights  were  assigned  as  follows:  1  obs.,  weight  1;  2  or 
3,  weight  2;  4  to  8,  weight  3 ;  9  or  more,  weight  4.  These 
were  later  combined  in  larger  groups  as  exhibited  in 
Table  I,  from  which  -33°  17' 40"  has  been  omitted. 
Assuming  that  each  column  might  be  represented  by 
the  equation  a  +  6  tan  z,  least  square  solutions  were 
made  and  the  results  are  sho^vn  in  Table  IL  Coarsely 
approximate  declinations  are  given,  but  for  the  extreme 
groups  the  mean  tan  z  was  computed.  In  these  solutions 
the  weights  were  again  reduced  on  a  sliding  scale,   the 
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Table  II 


Constant  Term  of  Latitude 


AE 

AW 

R 

45".82 

45".26 

V 

45  .69 

45  .19 

T 

45  .86 

45  .59 

Mean 

■45".79 

45".35 

BE 

45".50 
45  .57 
45  .87 


BW 

45".57 
45  .58 
45  .79 


Mean 

45".54 
45  .51 
45  .78 


45".65        45".65        45".61 


Tangent  Term  of  Latitude 


AE 

R     -".351 

V     -    .281 

T     -   .503 

Mean  -".378 


AW                BE                BW  Mean 

-".337  -".322  -".229  -".310 

-  .326  -    .301  -    .303  -    .303 

-  .433  -    .382  -   .435  -   .439 
-".365  -".335  -".322  -".350 


divisor  varying  from  about  6.5  in  the  weaker  groups  to 
14  in  the  strongest.  The  weights  of  the  extreme  groups 
were  still  further  modified  by  factors  varying  from  0.9 
at  65°  to  0.1  at  82°  zenith  distance. 

Applying  to  Table  I  the  corrections  indicated  in  Table 
II,  including  the  constants  to  reduce  each  to  the  mean 
latitude  45". 61,  the  similar  part  of  Table  III  results,  and 
combining  the  twelve  columns  with  equal  weights,  the 
mean  is  obtained.  The  next  column  gives  the  sum  of 
the  weights  as  used  in  the  least  square  solution.     The 


other  three  columns  are  obtained  by  combining,  with 
equal  weights,  the  four  jiositions  for  each  observer  and 
taking  the  differences. 

The  observed  values  of  S-N,  with  their  apparent 
probable  errors,  were  as  follows:  fl  +  0".65  ±  0".08, 
V  -  0".12  ±  0".04,  T  +  0".32  ±  0".03.  These  values 
would  only  need  to  be  changed  to  R  +  0".57,  V  -  0".07, 
T  +  0".35  to  remove  between  -  90°  and  +  30°  the 
systematic  personal  differences  here  shown. 

The  unfavorable  polar  distance  of  the  station  rendered 


Table  III.     Corrected  Latitudes 


Decl. 

AE 

AW 

BE 

R         V         T 

R        V        T 

R        V 

O 

-113 

5.93 

6.41 

7.52 

6.55 

6.55 

7.30 

6.57 

6.41 

-109 

5.88 

5.28 

6.62 

5.59 

5.84 

6.05 

5.40 

6.12 

-104 

5.29 

5.65 

5.50 

5.59 

5.55 

5.52 

4.96 

5.66 

- 100.6 

5.03 

5.72 

5.28 

5.42 

5.69 

5.06 

5.96 

5.37 

-  96.3 

5.43 

5.82 

5.21 

5.07 

5.96 

5.38 

5.35 

5.51 

-  92.1 

5.50 

5.41 

5.29 

5.63 

5.50 

5.42 

5.40 

5.77 

6.29 
5.16 
5.05 
5.19 
5.13 
5.35 


BW 

Mean 

Wt. 

R—V 

V—T 

R         V         T 

6.06 

7.05 

7.51 

6^68 

12.7 

+  22 

+'.56 

5.28 

6.06 

5.91 

5.77 

21.0 

+  .28 

+  .12 

5.15 

5.73 

5.89 

5.46 

28.5 

+  .40 

-.16 

5.70 

6.17 

5.60 

5.52 

34.5 

+  .21 

-.46 

5.33 

5.97 

5.40 

5.46 

51 

+  .52 

-.54 

5.76 

5.38 

5.47 

5.49 

30 

-.05 

-.14 

T—R 


87.9 

5.39 

83.7 

5.31 

79.4 

5.59 

76.4 

5.69 

71.0 

5.56 

66.5 

5.61 

62.0 

5.29 

56.3 

5.93 

48.5 

6.20 

41.5 

5.79 

36.0 

5.77 

5.66 
5.31 
5.35 
5.47 
5.39 
5.63 
5.39 
5.85 
5.87 
5.69 
5.80 


5.31 

5.69 

5.38 

5.27 

5.31 

5.29 

5.35 

5.60 

5.48 

5.54 

5.44 

32 

-.05 

-.08 

5.39 

5.32 

5.46 

5.40 

5.53 

5.17 

5.33 

5.51 

5.47 

5.53 

5.39 

56 

-.07 

+.06 

5.41 

5.44 

5.55 

5.43 

5.42 

5.39 

5.52 

5.55 

5.59 

5.49 

5.48 

48 

-.03 

-.01 

5.72 

5.40 

5.35 

5.59 

5.60 

5.74 

5.47 

5.81 

5.77 

5.53 

5.60 

51 

-.04 

.00  i 

5.45 

5.49 

5.35 

5.54 

5.37 

5.61 

5.35 

5.63 

5.58 

5.28 

5.47 

65 

-.03 

-.08 

5.58 

5.60 

5.64 

5.64 

5.59 

5.36 

5.52 

5.60 

5.45 

5.51 

5.56 

90 

-.08 

+  .04  1 

5.33 

5.40 

5.62 

5.13 

5.43 

5.27 

5.54 

5.75 

5.49 

5.44 

5.42 

44 

-.03 

-.08: 

5.88 

5.85 

5.91 

5.93 

5.92 

5.79 

5.95 

5.96 

5.73 

5.80 

5.88 

80 

-.10 

+  .07 

5.97 

5.89 

5.77 

5.89 

5.94 

5.90 

5.75 

6.07 

5.90 

5.82 

5.91 

75 

-.16 

.00 

5.85 

5.63 

5.65 

5.61 

5.83 

5.67 

5.94 

5.82 

5.76 

5.78 

5.75 

96 

-.08 

+.11 

5.79 

5.69 

5.61 

5.63 

5.44 

5.63 

5.72 

5.56 

5.48 

5.66 

5.68 

116 

-  .08 

+  .07 

-  30.1 

5.62 

5.90 

5.69 

5.66 

5.70 

5.55 

5.86 

5.88 

5.92 

5.57 

5.64 

5.62 

5.72 

109 

+  .10 

-.08 

-  23.6 

5.68 

5.45 

5.56 

5.65 

5.65 

5.72 

5.70 

5.70 

5.70 

5.46 

5.57 

5.64 

5.62 

113 

-.03 

+  .07, 

-   15 

5.45 

5.40 

5.51 

5.51 

5.51 

5.53 

5.53 

5.51 

5.52 

5.48 

o.oo 

5.43 

5.49 

107 

.00 

+  .01 

—     5 

5.41 

5.43 

5.51 

5.53 

5.53 

5.60 

5.45 

5.37 

5.42 

5.51 

5.51 

5.58 

5.49 

96 

-.02 

+  .07 

+     5 

5.48 

5.45 

5.44 

5.58 

5.55 

5.43 

5.62 

5.57 

5.47 

5.52 

5.56 

5.56 

5.52 

96 

-.03 

-.05 

+  15 

5.55 

5.68 

5.60 

5.66 

5.62 

5.64 

5.46 

5.67 

5.55 

5.62 

5.67 

5.59 

5.61 

117 

+  .09 

-.06 

+  25 

5.55 

5.59 

5.63 

5.54 

5.72 

5.59 

5.47 

5.58 

5.57 

5.59 

5.76 

5.72 

5.61 

97 

+  .12 

-.03 

+  31.5 

5.59 

5.16 

5.20 

5.39 

5.52 

4.86 

5.34 

5.25 

5.10 

5.41 

5.59 

5.29 

5.31 

24.5 

-.05 

-.27 

+  34.5 

5.59 

5.84 

5.22 

6.09 

5.44 

5.54 

5.59 

5.74 

5.37 

5.86 

6.09 

5.91 

5.69 

21.0 

.00 

-.27. 

+  37.5 

5.30 

5.91 

5.74 

5.29 

5.99 

5.47 

5.80 

5.70 

5.44 

5.78 

5.88 

5.70 

5.67 

26.5 

+  .33 

-.28 

+  40.5 

6.16 

6.14 

5.90 

5.57 

5.69 

5.40 

5.52 

5.86 

5.56 

6.27 

5.82 

5.43 

5.78 

24.0 

.00 

-.31 

+  43.5 

5.58 

5.82 

5.15 

5.52 

5.89 

5.60 

5.27 

5.63 

5.52 

6.83 

5.85 

5.67 

5.69 

14.9 

.00 

-.32 

+  46.5 

5.77 

5.61 

5.38 

5.65 

4.88 

5.11 

6.13 

7.44 

5.48 

6.57 

7.06 

6.37 

5.95 

4.4 

+  .22 

-.67 

+  49 

5.84 

5.47 

4.08 

4.80 

4.87 

5.05 

4.69 

5.64 

4.56 

7.20 

5.17 

5.80 

5.26 

1.8 

-.34 

-.42 

-.88 
-.40 
-.24 

+  .25 
+  .02 
+  .19 

+  .13 
+  .01 
+  .04 
+  .04 
+  .11 
+  .04 
+  .11 
+  .03 
+  .16 
-.03 
+  .01 

-.02 
-.04 
-.01 
-.05 
+  .08 
-.03 
-.09 
+  .32 
+  .27 
-.05 
+  .31 
+  .32 
+  .45 
+  .76 
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it  impracticable  to  independently  determine  the  refrac- 
tion constants,  but  it  will  be  noted  that  this  adjustment 
of  the  observations  to  the  system  of  the  P.  G.  C,  very 
closely  fits  the  stars  within  seventeen  degrees  of  the  pole, 
both  above  and  below;  and  another  approximation  to 
adjust  to  the  pole  is  not  necessary.  Assuming  that 
-33°  17'  45".47,  the  latitude  indicated  by  these  polar 
stars,  is  the  true  latitude  of  San  Luis,  and  subtracting 
from  it  the  mean  values  in  Table  IH,  we  have  the  indi- 
cated correction  to  the  P.  G.  C.  The  resulting  smoothed 
curve  is  shown  in  Table  IV. 

Table  IV 
Preliminary  Corrections  to  P.  G.  C. 


-90° 
85 
80 
75 
70 


0".00 
0  .00 
0  .00 
0  .00 
0  .00 


-40°  -|-0".28 

-35  +0  .23 

-30  +0  .18 

-25  -1-0  .13 

-20  +0  .09 


-fl0°  -|-0".07 

15  +0  .09 

20  -1-0  .11 

25  -1-0  .13 

30  -1-0  .15 


-65 

0 

.00 

-15 

+  0 

.05 

-h35 

+0 

.18 

60 

+  0 

.18 

-10 

+0 

.01 

40 

+0 

.20 

55 

-fo 

.38 

-   5 

-fo 

.01 

45 

+0 

.24 

50 

+0 

.40 

0 

+0 

.01 

-1-50 

-fO 

.27 

45 

+0 

.37 

+  5 

+0 

.04 

Inasmuch  as  this  is  only  a  first  approximation,  an 
exhaustive  discussion  is  inappropriate,  but,  in  conclusion, 
attention  may  be  directed  to  several  points.  First,  the 
large  constant  and  progressive  differences  that  exist  in 
Table  I  and  are  evaluated  in  Table  II.  In  these  are 
involved,    with    the    uncertainties    of    the    instrumental 


corrections,  the  various  and  varying  personalities,  as 
well  as  the  tangent  term  which  must  be  largely  due  to 
a  refraction  factor.  This  factor  in  the  mean  would  be 
about  0.9916.  The  differences  of  mean  latitude  among 
th2  observers  may  be  entirely  due  to  personalities  in 
determining  the  nadir  correction;  or  possibly  the  S-N 
should  not  be  equally  distributed  each  side  of  the  zenith 
for  all  observers.  While  the  tangent  term  well  reconciles 
the  observation^  to  the  far  north,  it  deviates  very  rapidly 
at  the  far  south  where  a  decreasing  correction  to  the 
refraction  is  needed,  and  particularly  so  for  T.  There 
are  few  other  series  of  observations  made  from  stations  at 
so  great  an  altitude  (800  meters),  but  comparison  can 
be  made  with  Tucker's  results  as  given  particularly  on 
p.  153  of  Vol.  VI  of  the  publications  of  the  Lick  Observa- 
tory, where  he  finds  in  general  a  much  smaller  correction 
to  the  refraction,  though  increasing  rapidly  at  extreme 
zenith  distances. 

No  explanation  of  the  abrupt  change  in  the  indicated 
corrections  to  the  P.  G.  C.  near  —  60°  has  as  yet  been 
found.  It  seems  certain  that  if  it  were  personal  or  in- 
strumental there  would  be  a  similar  change  north  of  the 
zenith,  no  vestige  of  which  appears  in  the  details.  The 
same  reasoning  almost  equally  applies  to  the  relation  of 
the  instrument  to  the  building  and  other  surroundings. 
An  examination  of  the  foundation  curves  of  the  P.  G.  C. 
revealed  no  minor  corrections  which  had  been  ignored. 
While  the  weights  of  the  standard  positions  vary  from 
1  to  31,  all  have  been  given  equal  weight  in  the  discussion, 
and  it  was  to  be  expected  that  the  greatest  divergences 
for  individual  stars  would  appear  in  this  region. 

Dudkij  Obs'Tratori/,  May  1,  1915. 


ELEMENTS   OF   COMET    1916  cl   (NEUJMIN), 

(fRO.M    three    positions,    FEB.  29,    MARCH  4  AND  8,    WITH    THE    12-INCH    TELESCOPE    OF   THE    YERKES   OBSERVATORY), 

By  G.    van    BIESBROECK. 


T  = 

1916  March  12.17135  G.M.T. 

0)    = 

194°  30'  43" 

Q>  = 

327   31   19 

i  = 

10  34  50 

•P  = 

34   53  43 

M  = 

641".317 

log  a  = 

0.4953  (Per. 

5.53  years) 

Ephemeris 

FOR  Greenwich  M.  Midnight: 

Date 

Ctvera 

Sverii                log  P 

Mag. 

1916  March  14 

gh     5n,44s 

+  6°25'.5       9.6104 

10.6 

16 

7  32 

5  27  .2 

18 

9  32 

4  29.9 

20 

11  43 

3  34  .2       9.6287 

10.7 

22 

14     5 

2  39.9 

Date 

Ctyerii 

5ver:i 

1916  March  24 

9''16'"37^ 

-hl4°6'.9 

26 

19   18 

0  55.9 

28 

22     8 

+0    6.1 

30 

25     7 

-0  42.0 

April       1 

28   15 

1  28.6 

3 

31   30 

2  13.7 

5 

34  53 

2  57.3 

7 

38  23 

3  39.2 

9 

41  58 

4  19.8 

11 

45  40 

4  58.9 

13 

49  32 

5  34  .4 

log  p  Mag. 


9.6503       10.8 


9.6744       10.9 


9.7009 


11.1 


9.7298       11.3 
Adopted  magnitude  10.5  on  March  4. 

Yerkes  Observatory,  March  H,  1916. 
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OBSERVATIONS   OF    COMET   1915  e  (Taylor), 

MADE   WITH    THE    FILAR   MICROMETER   OF  THE    12J-INCH   REFRACTOR    OK   DETROIT   OBSERVATORT, 

By  BERNHARD   H.  DAWSON. 


1915-1916 


Ann  Arbor 
M.  T. 


Comp. 


Aa 


A6 


^  's  Apparent 
a  5 


Log  p.A 
for  a  for  6 


Dec.  10 
Jan.     7 

7 
8 
8 


11  57  35 
9  51     7 

10  35 
22 


10 
10  37 


0 

0 
12 


1 

10,10 

2 

8,8 

2 

8,8 

3 

-,5 

3 

7,- 

-  6.63 
-27.93 

-28.38 

+31.63 


+ 

7 

53.4 

— 

6 

0.1 

— 

5 

12.4 

: 

12 

0.0 

5  20  25.87 
5  6  49.73 
5    6  49.28 

5    6  42.35 


+  0  49  25.7 
+  10  14  31.7 
+  10  15  19.4 
+  10  40  34.1 


8.150/1 
8.295/1 
8.813 


8.886 


0.763 
0.666 
0.667 
0.661 


Mean  Places  of  Comparison 

Stars. 

* 

a  1915.0 

Red.  to  App.  PI. 

3  1915.0 

Red.  to  App.  PI. 

Authority 

1 

2 
3 
4 

h        m       s 

5  20  27.48 

1916.0 
5    7  15.52 
5    6    8.55 
5    5  20.14 

+5!02 

+2.14 

+  2.17 
+  2.17 

+  0°41  21.0 

1916.0 
+  10  20  25.7 
+  10  52  27.9 
+  10  47  12.2 

+  11.2 

+  6.1 
+  6.2 
+  6.2 

A.  G.  Nicolajew  1300. 

A.  G.  Leipzig  I,  1547. 

B.  D.  +10°726,  connected  with  *4. 
A.  G.  Leipzig  I,  1535. 

NOTES. 
Hi2  was  connected  with  A.G.  Leipzig  I,   1553.  Aa  =  -  40'.97,         A3  =  +  1'  58".6. 

All  observations  and  star  connections  were  made  by  direct  micrometer  measurement  of  Aa  and  A(5,  and  have  been  corrected  for 


differential  refraction.     The  observation  of  January  S  was  interrupted  by  clouds. 


Ann  Arbor,  1916,  January  28. 


OBSERVATIONS   OF   SOLAR   ECLIPSE   OF   FEB.   3,    1916, 

By  J.  G.  PORTER. 


The  partial  eclipse  of  the  !>uri  of  February  3  (civil  date) 
was  observed  at  the  Cincinnati  Observatory  by  Dr. 
YowELL  and  mj'self,  using  respectively  the  eleven-inch 
and  the  four-inch  equatorials.  The  sky  was  clear  and 
definition  sharp. 


The   Cincinnati   mean   times  of   the   contacts   arc 

follows : 

Beginni.ng  Endi.no 

E.  I.  YowELL        Feb.  2,     21h25"'ll'       23'>24"'05' 

J.  G.  PoRTEK         Feb.  2,     21   25    11         23  24  06 


as 
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AN    ERROR    IN    HILL'S    THEORY    OF    JUPITER    AND   SATURN, 

By  R.  T.  A.  INNES. 


Hill's  theory  of  Jupiter  and  Saturn  is  originally 
printed  in  Vol.  IV  of  the  Astronomical  Papcra  of  the 
American  Ephemeris,  Washington,  1890,  and  has  been 
reprinted,  evidently  from  the  original  stercot^'ped  plates, 
in  Vol.  Ill  of  his  collected  works,  as  in  the  latter  known 
errors  are  not  corrected  in  the  text. 

In  deriving  the  various  perturbing  functions  rcirjuired 
in  Hansen's  method  of  computing  the  perturbations 
which  he  uses.  Hill  has  followed  the  C.\uchy-H.\nsen 
method  of  development  in  preference  to  a  purely-  alge- 
braical one.  He  had  therefore  to  perform  numerous 
enormously  long  multiplications  of  trigonjmetrical  series. 
Hansen  had  expressed  the  opinion  that  it  would  be 
almost  impossible  to  develop  the  disturbing  functions  by 
algebraical  jirocess  in  the  case  of  the  mutual  action  of 
these  twc)  planets.  But  the  invention  of  the  Newcomb 
operators,  described  by  their  author  in  Vol.  V  of  the 
Astronomical  Papers,  and  subsequent  improvements, 
have  greatly  simplified  an  algebraical  development  and 
it  therefore  seemed  worth  while  to  attempt  one.  One  of 
the  first  results  of  this  work  has  been  to  find  a  serious 
error  in  Hill's  formula  which  unfortunately  vitiates  the 
whole  of  his  work  on  the  perturbations  arising  from  the 
third  powers  of  the  ma«ses.     The  error  is  on  page  341, 

3  /a' 


lines  10  and  12,    where 


;r  (  —  j    should  be 


+ 


2\A 


This  error  can  be  proved  by  performing  the  somewhat  in- 
volved logarithmic  differentiations  of  the  two  correspond- 
ing formulae  on  p.  201.  But  the  error  was  found  through 
numerical  work.  If  we  adopt  Newcomb's  method  of 
development,  there  is  a  wonderful  simplification  of  the 
formulse. 

If  following  Newcomb,  we  put  P  for  the  development 
of  the  perturbing  function  we  have  in  the  H.-vnsen-Hill 

notation 

^a;  .    r 


an  = 


T-     —    ;l 


H 


Hence 


ipv 
2U 


'\3 


\       2  A 


,H 


as  written  by  Hill,  p.  60. 


In  Newcomb's  notation,  we  have  much  more  simply 


a    da 
IX    dr 


=  DP 


Turning  now  to  the  formuUe  in  which  the  error  exists 
(p.  341),  Hill  writes 


fflo 


■ij" 


15 


Mi    — 


•<^^'-S 


+  , 


n 


=  M 


a' 

a' 

A 

15 

•  8 


a; 

3"- 


r 
a- 


3'- 


l/a' 
2U 

_la' 
8A 


Hi)'SS»'0'-&:jr 


+ 


9 

2' 

l/a' 


ry 


It  is  to  be  noted  that 


1  fa' 

2\A 

la' 
"8A 


—  a 


M 


is  to  be  replaced  by        -|- 


'\i 


in  these  two  expressions 


'\3 


With  Newcomb,  we  put  with  equal  precision 

d^ 


no[r 


dr 


n 


D,P 


(125) 
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and 


ao 


rfr' 


n 


ix' i-1 -D),P 


The  very  onerou.s  la])or  involved  —  to  use  Hill's  own 
words  —  in  working  out  the  numerical  values  of  his 
fornnilse  is  only  too  obvious.  Onh'  a  glutton  for  figure- 
work  would  face  it. 

The  error  was  discovered  by  comparing  the  constant 
terms  in  these  formulae  with  Hill's  results.  The  com- 
parison is  not  quite  precise  as  my  data  depend  upon 
Hill's  revised  theory,  but  the  difference  due  to  this 
must  be  small.  Hill's  calculations  for  each  derivative 
are  essentially  different  and,  as  shown,  tend  to  become 
very  complex.  With  the  algebraical  method,  the  cal- 
culations are  precisely  similar;  I  therefore  present  all 
the  constant  terms,  adding  Hill's  values  divided  by 
H  or  At'  when  necessary  so  :is  to  give  an  immediate  com- 
parison. 

Jupiter  and  Saturn 


Terms  aris- 
ing from 

Do 
1.091165 

Di 

0.224358 

D2 

0.66714 

Ds 
2.6125 

P-i„<-^' 

-159 

-726 

-403 

-277 

P-m'-'' 

-     3 

-  20 

-    17 

-   17 

P-s,o<-» 

-     1 

-     4 

-     3 

-     3 

p-.,-l<»' 

-!-     1 

+     8 

+     6 

+     6 

Po,-2<'> 

0 

+     1 

+     1 

+     1 

Hill 

1.091003 

1.090999 

p.  53 

0.223617 

0.223609 

p.  66 

0.66298 

0.66292 

p.  205 

2.5835 
-1.820 
p.  345 

Then     D,.' 

=  (-1-/^) 

'  gives 

0/ 

D2' 

D,' 

Hill 

-1.314620 
-1.314()08 
p.  69 

2.20122 
2.20113 
p.  20s 

-6.3343 
-7.663 
|).  345 

It  will  be  seen  that  the  disagreement  in  the  cases  of 
D3  and  D3'  is  complete.  A  priori,  we  know  that  one  of 
Hill's  values  is  wrong  because  D^  and  D/  must  differ 
in  .sign.  As  proved  above.  Hill's  forinuhc  re<|uire  the 
corrections 


+  HI 


<1      +2 


"'S 


which  can  bo  obtained  from  page  60,  namely: — 

Correction  -^4.406  +1.329 

Hill,  p.  345  -1.820  -7.663 

Hill  corrected  +2.586  -6.334 
which  compares  with 

my  D3  and  Z)/ P  thus:—  +2.584  -6.334 

It  will  be  seen  that  for  DJ'  1  have  1.091003,  whilst  Hill 
has  1.090999,  the  difference  is  very  small  and  might  well 
be  due  to  the  slightly  different  data  adopted,  but  it  is 
worth  remarking  that  Hill's  value  depends  immediately 
upon  the  constant  term  on  p.  46;  namely,  1.090769379, 
which  depends  upon  the  eccentric  anomaly-  of  Jupiter. 
The  simple  conversion  of  this  to  the  mean  anomaly  by 
means  of  Hill's  own  figures  gives  not  1.09099923  Init 
1.091001223. 

It  should  be  remarked  that  the  Jupiter  constants  A-j 
and  ki  on  p.  95  arc;  interchanged. 

From  the  above  remarks,  it  will  l)e  appiu'cnt  that  I 
have  given  some  time  to  the  H.\nsen-Hill  theory  of 
Jupiter  and  Saturn.  In  later  work,  esiiecially  as  regards 
the  two  integrations  to  find  ndz,  considerable  nuxlifica- 
tions  of  the  processes  used  by  Hansen  and  Hill  are 
possible  without  any  lo.>s  of  precision  or  generality,  and 
reduce  the  work  by  50  to  60%.  The  impression  I  have 
at  the  moment  is  that  with  the  Nkwco.mb  development 
of  the  jjerturbing  function  and  the  H.\nskn  method  of 
api^lylng  the  perturliations,  the  task  of  computation  is 
simple  and  certain,  Init  necessarily  somewhat  lengthy. 
The  roughest  of  estimates  would  guess  that  Lk  Verrikk's 
methods  were  ten  times  a,s  lengthy  and  lacked  ctTtainty. 

I        Union  Observalonj,  Joliannesburg,  SSd  Novemher.  UHo. 


NOTE   ON    THE    MAGNITUDE    SCALE    OF   WASHIXGTOX    A.d.    (WIWUHiVK. 

By  H.  .).  POCOCK  and  T.  P,   BH.ASK.VKAN. 


The  reference  stars  for  the  Hijilenilxul  Aslroffrapkic  ' 
Catalogrie  Zone  —17°  are  taken  from  the  Wasliington 
A.d.  ('.  During  the  progress  of  the  astrographic  work 
here,  the  magnitudes  as  derived  from  the  photographic 
plates  had  to  be  compared  with  the  visual  magnitudes  of 
the  Washington  Catalogue.  This  naturally  led  us  to  a 
detailed  examination  of  the  scale  of  the  Washington  mag- 


nitudes. The  simplest  way  of  investigating  tlii'  ixculi- 
arities  of  the  scrale  is  to  make  systematic  count**  of  stars 
of  different  magnitudes.  This  was  done  in  the  ca.se  of 
stars  whose  declinations  lie  approximately  l)etwtH'u 
-15°  55'  and  -18°  5',  these  being  the  reference  stars  of 
the  Hyderubnd  ('dtnlonue  Zom-  -17°.  One  fe.iture  im- 
mediately .ipp.irent   is  that   the  even  magnitudes  greatly 
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preponderate  over  the  odd  ones  and  particularly  so  in  the 
case  of  magnitude  9.0.  Bj'  means  of  these  counts  the 
Washington  scale  has  been  converted  into  a  photographic 
scale  comparable  with  that  of  Chapman  and  IN'Ielotte 
using  the  table  given  by  Prof.  Turner  m  Monthly  Notices 
R.A.  S.,  1915,  Jan.,  p.  145.  The  results  of  the  counts 
unci  comparison  are  given  in  the  table. 


10.0 


9.0- 


COMPARISON    OF   WASHINGTON    MAGNITUDES    WITH 

THOSE  OF  Chapman  and  Melotte 


8.0 
C.  ami   M.  ma^. 


In  the  above  figure  the  C.  and  M.  magnitutles  are 
jjlotted  against  the  corresponding  Washington  magni- 
tudes. It  will  be  seen  that  they  lie  on  a  smooth  curve, 
for  the  later  values  the  conversion  from  one  scale  to 
another  may  be  effected  by  a  straight  line  formula,  viz., 
C.  and  M.  magnitudes  =  1.62  (Wash,  mag.)   —5.1. 

Nizamiah  Ohtarvatory ,  Hyderabad,  1015,  December  IS. 


Wash.  Mags. 

Number 

Cumulative 
Total 

C.  and  M . 
Mags. 

Brt.  Stars 

44 

44 

6.2 

6 

50 

6.02 

6.3 

2 

52 

6.06 

6.4 

4 

56 

6.11 

6.5 

8 

64 

6.22 

6.6 

6 

7U 

6.29 

6.7 

0 

70 

6.29 

6.8 

16 

86 

6.45 

6.9 

8 

94 

6.52 

7.0 

13 

107 

6.63 

7.1 

G 

113 

6.67 

7.2 

22 

135 

6.81 

7.3 

6 

141 

6.85 

7.4 

28 

169 

7.00 

7.5 

31 

200 

7.14 

7.6 

37 

237 

7.28 

7.7 

16 

253 

7.33 

7.8 

73 

326 

7.55 

7.9 

44 

370 

7.65 

8.0 

139 

509 

7.93 

8.1 

65 

574 

8.04 

8.2 

153 

727 

8.24 

8.3 

84 

811 

8.34 

8.4 

204 

1015 

8.54 

8.5 

117 

1132 

8.64 

8.6 

282 

1414 

8.85. 

8.7 

133 

1547 

8.93 

8.8 

462 

2009 

9.18 

8.9 

270 

2279 

9.30 

9.0 

822 

3101 

9.60 

9.1 

336 

3437 

9.70 

9.2 

699 

41.36 

9.88 

9.3 

227 

4363 

9.93 

9.4 

293 

4656 

10.00 

9.5 

48 

4704 

10.01 

9.6 

41 

4745 

10.02 

NOTE  ON  THE  MAGNITUDE  EQUATION   OF  WASHINGTON  A.G.   CATALOGUE, 

By  R.  J.  POCOCK. 


In  the  course  of  the  Astrographic  work  at  Hyderabad 
the  places  of  the  bright  stars  on  the  Hyderabad  plates 
are  compared  with  the  places  given  in  A.  G.  Washington. 
Since  the  Hyderabad  plate  constants  are  obtained  by 
using  the  Washington  places  the  differences  obtained  are 
referred  to  the  mean  of  the  Washington  stars. 

The  differences  in  the  sense  Hyderabad  —  Washington 


for  the  stars  from  4''  to  10''  m  Zone  —17°  have  been 
arranged  according  to  magnitude.  Since  the  j)hoto- 
graphic  results  may  be  considered  sensibly  free  of  errors 
depending  on  the  magnitudes  of  the  stars,  the  mean 
differences  give  the  magnitude  equation  of  the  Washing- 
ton Catalogue.  The  results  are  given  in  the  table  —  it 
will  be  noticed  that  the  numbers  of  stars  vary  much  fi-om 
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Magnitude  Equation  of  A.  G.  Washington 
{Determinid  from  Hydtrabad  Astroijraphic  Plates) 


Mean  Diff.  in 

Mean  Diff.  in 

Magnitude 

No.  of  Stars 

R.  A. 

Decl. 

Unit  0' 

'.003 

Brighter  than  1 

7.1          I 

31 

-   65 

-100 

7.1   to   7.5 

32 

+   15 

-113 

7.6  to   8.0 

116 

+  39 

-   35 

8.1  and  8.2 

63 

-   16 

-    23 

8.3  and  8.4 

109 

+  97 

-  32 

8.5  and  8.6 

155 

.     +  24 

+     7    ■ 

8.7 

47 

+  23 

-  39 

8.8 

156 

+  78 

+     7 

8.9 

96 

+  22 

+     2 

9.0 

255 

+  65 

+     9 

9.1 

93 

-    14 

—     7 

9.2 

200 

-   22 

+  24 

9.3 

49 

-  84 

+  22 

9.4 

61 

-110 

-   13 

9.5) 
9.6  5 

19 

-268 

+  89 

Nizamiah  Observatory,  Hyderabad,  1915,  December  1. 


group  to  group  —  a  fact  which  is  discussed  in  the  pre- 
vious paper. 

The  abnormal  result  in  K.  A.  for  the  group  8.1  and  S.2 
magnitudes  seems  real  on  an  inspection  of  the  individual 
values  and  nol  due  to  a  few  exceptional  cases. 

.\11  differences  amounting  to  3".0  or  over  were  omitted. 
In  declination  the  errors  are  large  for  the  l)right  -lars, 
but  beyond  8.4  with  the  exception  of  the  small  group  of 
8.7  magnitude  they  are  (juite  small. 

In  R.  A.  the  error.s  are  larger  than  iu  declination  and 
as  usual  arc  positive  for  bright  stars  and  negative  for 
faint  stars  (zero  aliout  9.0)  meaning  that  the  bright  stars 
are  observed  early  relative  to  the  fainter  stars. 

Excluding  the  few  stars  of  9.5  magnitude  the  maximum 
correction  is  only  about  0".34,  much  smaller  than  has  been 
obtained  for  the  Cambridge  Catalogue* 

It  should  be  understood  that  the  above  are  the  correc- 
tiom  to  the  "Standard  Co-ordinates,"  derived  from  the 
Washington  places.  If  they  are  applied  dir(;ct  to  the 
R.  .\.  and  declinations,  the  figures  in  the  last  column 
must  be  applied  to  the  numerical  values  of  the  declina- 
tions {i  e.  regardless  of  the  —  signs),  this  will  correct  the 
positions  to  the  mean  magnitude  (about  9.0)  as  standard. 

*Monthty  .\oliccs,  R.  A.  S.  1912,  Dec,  p.  .SS  or  Oxford  Astro. 
Cat.,  Vol.  VIII,  part  1. 


OCCULTATIONS   OF 

OBSER\'ED   WITH   THE    26-INCH    AND    12-INCH 

[Communicated  by  Captain  J.  A. 


STARS   BY   THE   MOON, 

EQUATORIALS    OF   THE    U.    S.    N.WAL   OBSERVATOBY 

HooGEWERFF,  I'.  S.  Navy,  Superintendent.] 


Date 

Object 

Phen. 

1914 

July     8 

8 

8 

8 

15 

15 

17 

17  Capricorni 

17  Capricorni 

17  Capricorni 

17  Capricorni 

20  //.'  Arietis 

20  //.'  Arietis 

16  Tauri 

DB 
RD 
DB 
RD 
DB 
DB 
DB 
RD 
RD 
RD 
DB 
DB 
RD 
DB 
UD 
DB 
RD 
DB 
DB 
DB 

17 

16  Tauri    .    . 

17 

16  Tauri 

17 

17  Tauri 

17 

q  Tauri 

17 

q  Tauri 

17 

q  Tanri 

17 

20  Tauri   . 

17 
17 

20  Tauri 

20  Tawi 

17 

20  Taitri 

17 

21  Tauri 

17 

21  Tattri 

17 

22  Tauri 

Wash.  Sid.  T. 


Wash.  M.T. 


See'g  Instrum't 


Pow'r  Obs. 


Remarks 


19  5  31.4 

20  29  17.8 

19  5  30.6 

20  29  17.9 
22  49  51.7 
22  49  53.2 

21  15  34.2 

22  10  9.3 
22  10 
21  44 
21  32 

21  32 

22  28  45.7 

21  43  34.4 

22  38  57.0 

21  43  33.8 

22  38  57.1 
21  53  16.7 
21  53  17.3 
21  54  24.2 


9.2 

16.2 

5.0 

4.4 


b      I 

12  0 

13  23 

12  0 

13  23 
15  16 
15  16 

13  34 

14  29 
14  29 
14  3 
13  51 

13  51 

14  47 
14  2 
14  57 
14  2 
14  .57 
14  12 
14  12 
14  13 


19.6 
.52.3 
18.9 
52.4 
31.8 
33.3 
38.0 
4.1 
4.0 
1.5.3 
6.0 
5.5 
37.5 
33.6 
47.1 
33.0 
47.2 
14.3 
14.9 
21.6 


f 

P 

f 
f 
f 

P 
f 
f 


26 
26 
12 
12 
26 
12 
26 
26 
12 
12 
26 
12 
12 
26 
26 
12 
12 
26 
12 
26 


■inch 
■inch 
-inch 
■incli 
•inch 
-inch 
-inch 
-inch 
-inch 
-inch 
-inch 
•inch 
•ini-h 
•inch 
•inch 
•inch 
•inch 
-inch 
•inch 
•inch 


2.50 
250 
160 
160 
250 
160 
183 

115 
160 
183 
160 
115 


160 
115 
183 

160 

183 


B 

B 

W 

W 

H 

W 

H 

H 

W 

W 

H 

W 

W 

H 

H 

W 

W 

H 

W 

II 


Good  reap])e:ir,-mc<'. 


Eye  and  car. 

Dark  limb  visible. 
Reappearance  gradual. 

Verv  uncertain. 


Eye  and  ear. 

Good  disjippearauce. 


Verv  unciT(;iin. 
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OCCULTATIONS   OF   STARS   BY  THE    MOON  —  Continued 


Date 


Object 


Phen. 


Wash.  Sid.  T. 


Wa.sh.  M.  T.  iSee'g 


Instrum't 


Pow'r 


Obs. 


Remarks 


1914 

July   17 
17 

Aug.    7 

7 

7 

7 

7 

7 

7 

30 

30 

30 

30 

Sept.    3 

3 

4 

4 

12 

12 

12 

12 

14 

14 

14 

14 

14 

Nov.    5 

6 

6 

6 

7 

7 

11 

11 

Dec.     3 

3 

3 

23 

23 

23 

1 

1 

1 

1 

2 

2 

8 

8 

28 


19J5 

Jan. 


22  Tawi 

A.G.  Berlin  B.  1116 

X  Aquarii 

X  Aquarii 

X  Aquarii 

X  Aquarii 

78  Aquarii 

78  Aquarii 

78  Aquarii .  .... 

T  Sagiltarii 

T  Sagitiarii 

T  Sagitla7-ii 

T  Saqittaiii 

213  B.  Aquarii  . 
21S  B.  Aquarii  . 
316  £.  Aquarii  . 
316  i?.  Aquarii  . 
406  B.  Tauri  .  .  . 
406  B.  Tauri .  .  . 
406  B.  Tauri.  .  . 
406  B.  Tauri.  .  . 
K  Geminorum  .  .  . 
K  Geminorum  .  .  . 
K  Geminorum  .  .  . 
K  Geminorum,  comp 
K  Geminorum.  comp 
354  B.  Tauri.  .  . 
415  B.  Tauri.  .  . 
415  B.  Tauri.  .  . 
415  B.  Ta^iri.  .  . 
39  Geminorum .  . 
39  Geminorum. .  . 

49  Leonis 

49  Leonis 

136  Tauri 

136  Tauri 

136  Tauri 

21  Pisdum 

21  Piscium 

21  Pisrium 

A  Geminorum  .  . 
A  Geminorum  .  . 
A  Geminorum  .  . 
A  Geminorum  .  . 

ri  Canai 

7)  Canai 

75  Virginis 

75  Virginis 

39  Geminorum .  .  . 


DB 
RD 

DB 
RD 
DB 
RD 
DB 
DB 
RD 
DD 
RB 
DD 
RB 
DD 
DD 
DB 
RD 
DB 
RD 
DB 
RD 
DB 
DB 
RD 
RD 
KD 
RD 
RD 
DB 
RD 
RD 
RD 
DB 
RD 
DB 
RD 
DB 
RB 
DD 
RB 
DB 
RD 
DB 
RD 
DB 
DB 
DB 
DB 
RB 


21  54  25.3 

22  27  54.2 


20  0 

21  19 

20  0 

21  19 
21  38 

21  38 

22  59 

19  37 

20  54 

19  37 

20  54 
2  27 
2  27 

20  28 

21  46 


20 
30 
20 
30 


1  41 
1  41 


2  13 
2  13 
2  13 
8  5 
23  33 

22  51 

23  33 
0  53 
0  53 
4  34 


1 
30 
58 
30 


5 
3 
4 
3 

1  8 
23  45 

1  8 

2  39 

3  48 

2  39 

3  48 
12  16 
12  16 
12  31 
12  31 

2  42 


41.7 

56.8 

37.4 

.56.5 

10.4 

9.4 

39.8 

30.9 

46.2 

31.0 

52.2 

50.3 

55.1 

53.4 

5.2 

8.2 

1.9 

9.8 

1.8 

59.5 

59.3 

37.3 

13.7 

13.8 

41.2 

58.6 

26.2 

58.6 

30.5 

30.1 

16.2 

36.7 

9.3 

10.0 

9.6 

43.0 

11.4 

43.6 

49.2 

29.2 

49.4 

29.8 

18.0 

16.8 

9.6 

9.5 

10.6 


14  13  22.7 
14  46  46.1 


10  57 
12  16 
10  57 
12  16 
12  34 

12  34 

13  55 
9  3 

10  20 
9  3 
10  20 
15  37 
15  37 
9  35 
10  52 
13  54 
15  4 

13  54 
15  4 

14  8 
14  8 
14  39 
14  39 
14  39 
17  6 

8  32 

7  49 

8  32 

9  47 
9  47 

13  12 
13  39 
10  41 
12  9 
10  41 
7  1 


5 

7 
7 
9 
7 
9 
17 


38 
1 

57 
5 

57 
5 

28 


17  28 

17  19 

17  19 

6  13 


23.6 
25.6 
19.3 
25.4 
36.4 
35.3 
.52.4 
50.6 
53.3 
50.8 
59.3 
19.2 
24.0 
25.2 
24.3 
25.0 

7.3 
26.6 

7.2 
20.9 
20.7 
53.6 
30.0 
30.1 
32.6 
17.8 
52.4 
17.8 
40.8 
40.4 

6.7 
22.7 
40.3 
26.6 
40.6 
58.9 
41.0 
59.5 
27.0 
55.7 
27.2 
56.3 
25.4 
24.2 
39.0 
38.9 
38.3 


P 
f 

P 
P 
f 
f 

P 

f 
f 
f 
f 
P 
P 
P 
P 
f 
f 

P 

f 

P 
P 
P 
P 

f 

g 
f 

f 

g 

f 

g 
g 

f 

P 
f 
f 
f 
f 
f 
f 

P 
f 


12-inch 
26-inch 

26-inch 

26-inch 

12-inch 

12-ineh 

26-inch 

12-inch 

12-inch 

26-inch 

26-inch 

12-inch 

12-inch 

26-inch 

12-inch 

1 2-inch 

12-inch 

26-inch 

26-inch 

12-inch 

12-inch 

26-inch 

12-inch 

12-inch 

26-inch 

12-inch 

12-inch 

26-inch 

12-inch 

12-inch 

26-inch 

12-inch 

12-inch 

12-inch 

26-inch 

26-inch 

12-inch 

26-inch 

12-inch 

12-inch 

26-inch 

26-inch 

12-inch 

12-inch 

26-inch 

12-inch 

26-inch 

12-inch 

26-inch 


160 
183 

250 

183 

160 

115 

250 

160 

115 

183 

250 

235 

160 

183 

160 

160 

160 

250 

183 

160 

115 

250 

160 

115 

183 

115 

160 

183 

160 

160 

183 

115 

160 

235 

250 

183 

160 

250 

235 

160 

250 

250 

160 

160 

250 

160 

250 

160 

250 


W 
H 

H 

H 

W 

W 

H 

W 

W 

H 

H 

W 

W 

H 

W 

W 

W 

H 

H 

W 

W 

B 

W 

W 

B 

W 

B 

H 

B 

B 

H 

B 

B 

B  j 

H 

H  ! 

B 

H 

B 

B 

H 

H 

B 

B 

H 

B 

H 

B 

H 


Very  uncertain. 

Eye  and  car.  This  is  Star  No.  4  of  the 
Yale  measurement.  See  Transactions 
of  the  Astrouomical  Observatory  of 
Yale  Uilwersil\:  Vol.  I,  p.  389. 


Tiine  uncertain.  Double  star 
Uncertain. 

A  little  late. 


Dark  limb  visible. 
Brighter  component. 
Brighter  component. 
Brighter  component. 


Probably  a  little  late. 

Di.sappearance  gradual. 

Haze. 

Haze.     Star  faint. 

Time  uncertain.     Clouds. 

Haze. 

Clouds  passing  over. 

Clouds  passing  over.     Probably  late.    Re- 
appeared through  clouds.  Star  very  faint. 

Time  uncertain.  Thin  clouds 

Haze. 

Haze. 

Haze. 


Disappearance  gradual. 


Early  0\2. 

Disappearance  gradual.    Perhaps  a  little 

early. 
Clouds  and  haze.     Not  a  very  good 

observation. 
Disappearance  gradual.     Uncertain. 

Thin  clouds  and  haze. 

Late  0^5. 
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OCCULTATIONS  OF   STARS   BY  THE   MOON  —  Continued 


Date 

Object 

Phen. 

Wash.  Sid.  T. 

Wash.  M.  T. 

See'g 

Instrum't  Pow'r 

Obs. 

Remarks 

191S 

Jan.    28 
29 

Feb.     9 
9 
25 
26 
26 
26 
26 
26 

40  Geminonim.  .  . . 
9  Catwri 

BB 
DD 
ED 
BD 
BB 
DD 
BB 
DD 
BB 
•DD 

h       ni       s 

2  40  53.9 

8  54  33.6 
15  27    8.1 
15  27    8.1 

9  8    3.2 

7  32  51.8 

8  30  51.9 

7  32  51.9 

8  30  57.6 
12  10  55.2 

h       lu       s 

6  12  21.8 

12  21     4.4 
18    9  19.6 
18    9  19.6 
10  48  22.2 

9     9  .30.5 
10     7  21.1 

9    9  30.6 
10     7  26.8 

13  46  48.4 

f 
f 

f 

P 
f 
f 
f 
P 
P 

26-inch 
26-inch 
26-inch 
12-inch 
12-inch 
26-inch 
26-inch 
12-inch 
12-inch 
12-inch 

250 

388 
183 
235 
160 
250 

H 
B 
H 
B 
B 
H 

Late  0«.5. 
Thin  clouds. 

Thin  clouds.     Obs.  late. 
Eye  and  oar. 
Eye  and  oar. 

Unsteady. 

58  G.  Sagitlarii  .  .  . 
58  G.  Sagmarii  .  .  . 
181  B.  Geminormn 
71  Cuncri    

rj  Cancri   

250 'h 
235  IB 
160    B 
235    B 

j;  Caijcri 

Tj  Cancri 

102  B.  Cancri  .... 

26 

102  B.  Cancri  .... 

BB 

13  13    5.1 

14  48  48.1 

P 

12-inch 

160    B 

26 

e  Cancri 

DD 

12  20  25.8 

13  .56  17.4 

P 

12-inch 

235    B 

26 
Mar.  31 
31 
31 
31 
Apr.  21 

f  Cancri      

BB 
DB 
ED 
DB 
ED 
DD 

13  22  41.0 

15  26     9.3 

16  33  49.8 

15  26    8.3 

16  33  49.8 
9  33  33.4 

14  58  22.4 

14  51  45.5 

15  59  14.9 

14  51  44.5 

15  59  14.9 
7  37  33.2 

P 
f 
f 
f 

P 
f 

12-inch  1  160    B 
26-inch  ^  250    H 
26-inch  ,  250    H 
12-inch  1  160  :  B 
12-inch  '  160  i  B 
26-inch    250  i  H 

Reappearance  late  0'.2. 
Disappearance  gradual. 
Windy. 

75  Virginis 

75  Virginia 

75  Virginis 

75  Virginis 

B.D.  +23°.  1810  .  . 

21 

82  Geminoriim .... 

DD 

9  37  44.2 

7  41  43.3 

f 

26-inch 

250    H 

21 

82  Geminorum .... 

BE 

10  37  12.1 

8  41     1.5 

P 

26-inch 

2.50    H 

Late. 

21 

82  Geminorum .... 

DD 

9  37  44.0 

7  41  43.2 

f 

12-inch 

235 

B 

A  trifle  l.azv. 

21 

82  Geminorum .... 

EB 

10  37     6.5 

8  40  55.9 

f 

12-inch 

160 

B 

A  little  late. 

May    5 
5 

I  Capricorni 

I  Capricorni 

DB 
BD 

17  21  42.7 

18  33  48.8 

14  29  23.2 

15  41  17.5 

vp 

f 

26-inch 
26-inch 

250 

183 

H 
H 

Gradual. 

Driving  clock  failed. 

5 
5 

I  Capricorni 

I  Capricorni 

DB 
BD 

17  21  48.6 

18  33  48.9 

14  29  29.1 

15  41  17.6 

p 

f 

12-inch 
12-inch 

160 
235 

B 
B 

Gradual. 

21 

^4  Leonis 

DD 

14  30  23.8 

10  35  37.8 

p 

26-inch 

183 

H 

21 

A  Leonis 

DD 

14  30  23.8 

10  35  37.8 

f 

12-inch 

235 

B 

Thin  cloutls. 

25 

75  Virginis 

DD 

16  42    2.8 

12  31  11.5 

f 

26-inch 

250 

H 

Clouds  and  haze. 

25 

75  Virginis 

DD 

16  42    2.8 

12  31  11.5 

p 

12-inch 

235 

B 

Clouds  and  haze. 

June    4 
4 

13  Piscium 

13  Piscium 

DB 
ED 

20  24  35.7 

21  20  42.4 

15  33  48.9 

16  29  46.4 

p 

f 

26-incii 
26-inch 

250 
183 

H 
H 

Gradual. 
Daylight,  late  0^3. 

4 

13  Piscium 

ED 

21  20  41.8 

16  29  45.8 

f 

12-inch 

115 

B 

Daylight. 

19 

359  B.  Leonis  .... 

BB 

13  52  39.2 

8    3  57.9 

13 

26-inch 

250 

H     Late. 

19 

359  B.  Leonis  .... 

BB 

13  52  42.6 

8    4     1.3 

P 

12-inch 

160 

B 

Somewhat  late. 

25 

43  Ophiuchi 

DD 

20  16     3.1 

14  2  43.5 

V 

2()-in<'h 

250 

H 

27 
27 
27 

51  Sagitlarii 

51  Sagitlarii 

51  Sagillarii 

DB 
ED 

DB 

19  32  52.4 

20  35  22.0 
19  32  .53.2 

13  11  48.0 

14  14     7.4 

13  11  48.8 

p 
p 
p 

26-iuch 
26-incli 
12-inch 

2.50 
250 
1(>I) 

H 
H 
B 

Eye  and  oar. 
Eye  and  ear. 
Gradual,  a  little  haze. 

27 
27 

51  Sagittarii 

h  Sagittarii 

KD 
DB 

20  35  22.4 
19  37     8.6 

14  14     7.8 
13  16    3.5 

f 
p 

12-inch 
26-inch 

160 
250 

B 
H 

Eye  and  oar. 

27 

h  Sagittarii 

RD 

20  53     3.9 

14  31  46.4 

p 

2()-incli 

2.50 

H 

Eve  and  oar. 

27 

h  Sagittarii 

DB 

19  37     8.8 

13  16    3.7 

p 

12-incli 

ItiU 

B 

Gradual,  a  little  haze. 

27 

h  Sayittarii 

BD 

20  53    4.3 

14  31  46.8 

f 

12-inch 

160 

B 

July  23 
23 

10  G.  Sagitlarii  .  .  . 
10  G.  Sagitlarii  . . . 

DD 
BB 

19     9  50.6 
19  43  24.7 

11     6  36.4 
11  40    4.9 

p 
p 

2(>-iMcli 
2(>-incli 

38S 
2.50 

26 
Aug.  21 

Uranus 

DB 
RB 

23  42  30.G 
18  27     2.9 

15  26  43.9 
8  29  .">4.2 

p 
l> 

2()-inch 
2(i-inch 

2.50 
2.50 

B 

I'ncortain,  cloutis. 
Late  0".o. 

h  Sagittarii 

21 
21 

h  Sagittarii 

51  Sagittarii 

BB 
DD 

18  27     2.9 
17  11  21.8 

8  29  54.2 
7  14  25.5 

p 

p 

12-UK-ll 

26-inch 

160 
183 

B 
H 

Unsteady. 
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OCCULT ATIONS  OF   STARS  BY  THE  MOON  ^  Continued 


Date 


Object 


Phen. 


Wash.  Sid.  T. 


Wash.  M.T. 


See'g  Instrum't  Pow'r 


Obs. 


Remarks 


1015 

Aug.  21 
21 
21 
23 
23 
23 
23 

Sept.  21 
21 
21 
27 
27 
27 
27 
27 
27 
27 
27 
27 
29 
29 
2 


Oct. 


2 

2 

2 

2 

13 

13 

13 

15 

25 

25 

25 

25 

25 

30 

Nov.  24 

24 

24 

24 

25 

25 

27 

Dec.  ■  8 

8 

18 

18 

18 

18 

18 


51  Sagittarii rb 

51  Sagittarii dd 

51  Sagittarii kb 

42  Capricorni dd 

42  Capricorni rb 

42  Capricorni dd 

42  Capricorni rb 

197  G.  Aquarii  ...  dd 

197  G.  Aquarii  .  .  rb 

197  G.  Aquarii  ...  dd 

16  Tauri rd 

17  Tauri db 

q  Tauri i  db 

q  Tauri rd 

20  Tauri db 

20  Tauri rd 

22  Tauri db 

22  Tauri rd 

21  Tauri db 

112  B.  Auriga'.  ...  db 

112  B.  Aurigw.  ...  rd 

B.D.  +21°.1812..  .  DB 

49  B.  Cancri db 

49  B.  Cancri rd 

49  B.  Cancri db 

49  B.  Canai rd 

10  G.  Sagittarii  ...  dd 

10  G.  Sagittarii  ...  rb 

10  G.  Sagittarii  ...  rb 

336  B.  Sagittarii  .  dd 

X  Tauri db 

X  Tauri db 

X  Tauri rd 

.4  .G.  Ca»«.  (Eng.)  2060  RD 

A. G.  Cam.  (Eng.)  2060  RD 

X  Cancri db 

e  Geminorum db 

€  Geminorum rd 

€  Geminorum db 

e  Geminorum .....  rd 

187  B.  Geminorum  db 

187  B.  Geminorum  rd 

■K  Cancri rd 

4/  Sagittarii rb 

^  Sagittarii rb 

16  Tauri rb 

q  Tauri dd 

q  Tauri rb 

q  Tauri dd 

g  Tauri rb 


li       m       s 

17  52     3.5 

17  11  21.8 

17  51  59.9 
0  0  39.8 
0  57  40.3 
0  0  39.9 
0  57  41.4 

21  38    4.0 

22  45  18.1 
21  38  4.6 
21  49  26.3 

20  54  28.3 

21  16  18.8 

22  0    8.5 

21  20  57.6 

22  18  55.0 

21  38  20.9 

22  25  29.6 
21  39  45.4 

0  9  36.8 
12  48.6 
19  21.1 
28  53.9 
37  11.1 
28  54.2 
37  11.0 

18  54  20.1 
20  10  43.9 

20  10  44.3 

21  5  22.2 

23  40  10.6 
23  40     9.2 

0  35  58.3 
.0  36  57.5 
0  36  57.8 
8  21  34.8 

0  39  27.3 

1  11  52.1 

0  39  27.4 

1  11  51.7 

3  35  11.6 

4  27  35.6 
3     1  38.0 

22  24  11.2 

22  24 

23  39 
23  2  25.4 
23  51  25.2 
23  2  25.3 
23  51  29.6 


] 

3 
3 
4 
3 
4 


7.0 
13.1 


7  55 
7  14 

7  54 

13  54 

14  51 

13  54 

14  51 
9  38 

10  45 
9  38 
9  26 

8  31 

8  53 

9  36 

8  57 

9  55 
9  15 

10  2 
9  16 

11  38 

12  41 
14  35 

14  45 

15  53 

14  45 

15  53 

5  28 

6  44 

6  44 

7  31 
9  26 
9  26 

10  22 
10  23 

10  23 
17  46 

8  27 

9  0 

8  27 

9  0 

11  19 

12  11 
10  37 

5  17 


17 
53 
16 

5 
16 

5 


0.6 
25.5 
57.0 
44.7 
35.8 
44.8 
36.9 
30.9 
34.0 
31.5 
15.9 
26.9 
13.8 
56.3 
51.8 
39.7 
12.3 
13.3 
36.6 
11.6 
13.1 
37.1 

8.3 
14.3 

8.6 
14.2 
43.8 
55.1 
55.5 
32.6 
36.6 
35.2 
15.2 
14.2 
14.5 
55.8 
46.3 

5.8 
46.4 

5.4 

5.8 
21.3 
45.9 
49.6 
45.4 
20.1 
38.4 
30.2 
38.3 
.34.5 


P 
P 
P 
f 

P 
g 
P 
P 
P 
f 
f 

vp 
f 
f 
f 
f 
f 
f 
f 
vp 

f 
f 
f 
f 
g 
g 
f 

p 
p 
g 
p 

f 
f 

p 

f 

p 
f 
f 
g 
g 
p 
g 
p 
p 
p 
p 
p 
p 
p 
p 


26-inch 
12-inch 
12-inch 
26-inch 
26-inch 
12-inch 
12-inch 
26-inch 
26-incli 
12-inch 
12-inch 
1 2-inch 
12-inch 
12-inch 
12-inch 
12-inch 
12-inch 
12-inch 
12-inch 
26-inch 
26-inch 
26-inch 
26-inch 
26-inch 
12-inch 
12-inch 
26-inch 
26-inch 
12-inch 
26-inch 
26-inch 
12-inch 
12-inch 
26-inch 
12-inch 
26-inch 
26-inch 
26-inch 
12-inch 
12-inch 
26-inch 
26-inch 
12-inch 
26-inch 
12-inch 
26-inch 
26-inch 
26-inch 
12-inch 
12-inch 


250 
235 

160 
250 
250 
160 
160 
250 
250 
115 
115 
160 
160 
115 
160 
115 
115 
115 
115 
250 
183 
250 
250 
388 
160 
235 
183 
250 
160 
183 
250 
160 
160 
250 
160 
250 
250 
250 
160 
235 


235 

183 
160 
250 
183 
250 
160 
160 


H 
B 
B 
H 
H 
B 
B 
H 
H 

ecb 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
B 
B 
H 
H 
B 
B 
H 
B 
B 
H 
B 
H 
H 
H 
B 
B 


250!  H 
183  !  H 


Late  0^.5. 


Late. 

Eye  and  ear. 

Late. 

A  little  late. 

Gradual. 
Gradual. 

Gradual. 

Gradiial. 

Gradual. 

Clouds. 

Clouds. 

Gradual. 

Gradual. 

Gradual. 

Twilight. 

Haze. 


Gradual,  double  star. 
Thin  clouds. 

A  little  late. 


Late. 

Good  disappearance. 

Good  reappearance. 


Late 


Windy. 
Windy,  late. 
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OCCULTATIONS   OF   THE   STARS   BY   THE   MOON -Continued 

Date 

Object 

Phen. 

Wash.  Sid.  T. 

Wash.  M.  T. 

See'g 

Instrum't 

Pow'r  Obs.                     Remarks 

1916 

Dec.  18 

18 
18 

20  Tmtri 

DD 
DD 
DD 

h       m      s 

23     5  44.0 
23     5  44.0 
23  29  53.8 

b        m        B 

5  19  56.4 
5  19  56.4 
0  44     2.3 

P 

P 
P 

26-inch 
12-inch 
26-inch 

183 
160 

183 

H 
B 
H 

Windy. 

20  Tauri         

21  Tauri 

18 

21  Tauri. 

RB 

0  14  41.1 

6  28  42.2 

P 

26-inch 

250 

H 

Late. 

18 

21  Tauri 

DD 

23  29  53.8 

5  44     2.3 

P 

12-inch 

160 

B 

Windy. 

18 

21  Tauri 

RB 

0  14  39.4 

6  28  40.6 

P 

12-inch 

160 

B 

Windy,  late. 

18 

22  Tauri . 

DD 

23  27  29.2 

5  41  38.1 

P 

26-mch  !  183 

H 

18 

22  Tauri 

DD 

23  27  29.2 

5  41  38.1 

P 

12-mch    160 

B 

Windy. 

18 
21 

22  Tauri 

RB 
DB 

0  22  57.0 
11     8  58.9 

6  36  56.8 
17     9  25.1 

P 
f 

12-inch     160  '  B 

Windy,  late. 
Haze. 

€  Geminorvm 

26-inch 

250  1  H 

21 

6  Geminorwn 

RD 

12  11  57.8 

18  12  13.7 

f 

26-inch 

250    H 

Haze. 

21 

€  Geminorum 

"-DB 

11     8  58.0 

17     9  24.2 

f 

12-inch 

160    B 

Gradual,  haze. 

21 

£  Geminorum 

RD 

12  11  57.6 

18  12  13.5 

f 

12-inch 

160 

B 

Haze. 

22 

B.D.  +23°.  1744  . 

DB 

9  41  35.2 

15  38  19.9 

P 

26-inch 

250 

H 

22 

B.D.  +2.3°.  1744  .  . 

RD 

10  .55   14.8 

16  51  47.4 

P 

26-inch    250 

H 

22 

B.D.  +23°.1744  .  . 

DB 

9  41  36.3 

15  38  21.0 

f 

12-inch 

160 

B 

Gradual. 

22 

B.D.  +23°.1744  .  . 

RD 

10  55  14.6 

16  51  47.2 

f 

12-inch 

160 

B 

1916        "■^ 

A.G.  Berlin, B.BOOl 

RD 

10  55  20.0 

16  51  52.6 

f 

12-inch 

160 

B 

Jan.    14 

q  Tauri 

DD 

9  38  52.6 

14     5  11.7 

P 

26-inch 

183 

H 

14 

q  Tahiti. 

DD 

9  38  52.6 

14     5  11.7 

f 

12-inch 

115 

B 

14 

q  Tauri 

RB 

10  36  48.7 

15     2  58.3 

P 

12-inch 

160 

B 

14 

16  Tawi 

DD 

9  40  19.7 

14    6  38.5 

f 

12-inch 

115 

B 

14 

16  Tauri . 

RB 

10  12  37.9 

14  38  51.4 

P 

12-inch 

160 

B 

14 
14 

21  Tauri 

DD 
DD 

9  58  52.5 
9  58  52.4 

14  25     8.3 
14  25    8.2 

P 

f 

2(>-inch 
12-inch 

183 
115 

H 
B 

21  Tauri 

14 

20  Tauri. 

DD 

10    0  23.4 

14  26  38.9 

f 

12-inch 

115 

B 

14 

20  Tauri 

KB 

10  47  48.5 

15  13  .56.3 

vp 

12-inch 

160 

B 

14 

22  Tauri . 

DD 

10     2     6.7 

14  28  21.9 

P 

26-inch 

183 

H 

14 
18 

22  Tauri 

DD 

DD 

10     2     6.8 
7  24  11.0 

14  28  22.0 
11  35    8.5 

g 

12-inch 
26-inch 

115 
250 

B 

H 

1 

48  Geminoruiii . 

18 

48  Geminorum  .  .  .  . 

DD 

7  24  11.0 

11  35    8.5 

f 

12-inch 

160 

B 

Thin  cloud,^. 

' 

18 

48  Geminorum . 

KB 

8  50  33.1 

13     1    16.5 

g 

12-inch 

160 

B 

Feb.   14 

6  Geminorum ^ 

DD 

1  46  48.4 

4  12  31.6 

P 

26-inch     183    H 

Light  clouds,     ( Ir 

adual. 

14 

e  Geminorum 

RB 

2  16  35.8 

4  42  14.1 

f 

2ti-iiicli    2.50  ;  H 

A  trifle  late. 

14 

«  Geminorum 

DD 

1   46  48.1 

4   12  31.3 

P 

12-inch  i  235  !  B 

Gradual,  daylislit 

14 

t  Geminorum 

RB 

2  16  35.2 

4  42  13.5 

f 

12-inch     160     B 

Daylight. 

14 

u  Geminorum 

DD 

12  57     9.3 

15  21     2.7 

f 

2U-iii(h    2.30    H 

Eye  and  ear. 

14 

0)  Geminorum 

DD 

12  5^    8.9 

15  21     2.3 

P 

12-inch    235    B 

NOTES 

DD  signifies  star  disappeared  at  dark  limbof  Moon:  DB,  tlisappeare<l  at  bright  limb;  KD,  reappcarwl  at  dark  limb;  Kli,  re- 
appeared at  bright  limb. 

Under  "Seeing,"  g  =  good;   f  =  fair;   p  =  poor;   v  p  =  very  poor. 

Observers:    H  =  .\.  Hall;    B  =  H.  E.  Burton;   W  =  C.  B.  Watts;    ECB  =  E.  C.  Bower. 

-■Vll  observation.''  were  recorded  on  chronograph,  except  a.s  noted  under  "  Remarks." 

Occulting  strip.s  are  attached  to  the  eye-pieces  of  power  IbO  and  power  250,  as  described  in  Tin  .\slrotiomical  Jnunial,  Nos.  073- 
674,  page  1.3.  ' 
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MEASURES   OF    THE    FIFTH    SATELLITE    OF   JUPITER    MADE   AT 
THE    LOWELL   OBSERVATORY   IN    SEPTEMBER,    1915. 


At  the  recjuest  of  Professor  E.  K.  Barnard  the  tollow- 
iiig,  measures  of  his  fifth  satellite  of  Jupiter  have  been 
sent  to  the  Astronomical  Journal  for  immediate  iiiihlica- 
tion.  They  are  part  of  an  investigation  on  the  internal 
constitution  of  Jupiter  and  will  eventually  ajipear  in  a 
Bdlletin  and  a  Memoir  on  the  subject  in  the  publica- 
tions of  the  Lowell  Observatory. 

Their  value  especially  lies  in  that  they  were  taken 
purposely  at  opposition  in  order  to  get  rid  of  the  differ- 
ential  effect   of   irradiation,    a   vitiating    factor    in   such 


observations  generally,  ijeing  much  greater  than  is  com- 
monly supposed. 

\  was  also  tied  up  to  I  and  II  of  l)ofh  of  which 
extensive  measures  were  made  during  the  same  exam- 
ination.    The  measures  follow. 

M.  S.  T.  refers  to  Mountain  Standard  Time,  which  is 
se^'en  hours  alow  of  Greenwich  Mean  Time. 
Ep.  =  eye-iiiece.  X  =  coordinate  p. 

Percival  Lowell,  Director. 


M.  S.  T.,  1915 
Sept.    9M4"    9" 


12H 


19 
20 


26H 
10   1.3    .56 


14    1.5 

12   13    38 

42 


Distance  of  Satellite  V  from  Jupiter  Measured  along  X 
At  True  Di.-it.         At  Mean  Dist. 


37".73 

35  .65 
89  .01 
88  .82 

88  .88 

89  .19 

87  .90 

36  .74 
36  .36 

36  .5.5 

37  .87 

37  .24 

38  ..34 
37  .34 

36  .88 

88  .92 

87  .89 

88  .41 
88  .66 
88  .20 

37  .62 
37  .22 
37  .53 


28".77 

27  .19 
67  .88 
67  .73 

67  .78 

68  .01 
67  .03 

28  .02 
27  .73 

27  .87 

28  .86 

28  .39 

29  .23 
28  .46 
28  .12 
67  .78 
67  .00 
67  .39 
67  .59 
67  .24 

28  .66 
28  .36 
28  ..59 


Ueuiarlvs 

To  near  edge.     Aper.  24  in. 

Ep.  2.5"'"' • 
To  far  edge. 


To  near  edge. 


To  near  edge.     Aper.  24  in. 
Ep.  2o"'"'- 


To  far  edge. 


To  near  edge.     Seeing  4. 

Aper.  24  in. 

Ep.  2.5"'"'- 


O  bserver 

E.  C.  Slipher 


E.  C.  Slipher 


E.  C.  Slipher 
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Distance  of  S.\tkllite  A'  fhom 

Jurpiier  Measured  along   X  — 

•  Continued 

M.  S.  T.,  1915 

At  True  Dist. 

At  Moan  IMst. 

liomark? 

Observer 

Sept.  12<'  13''  47-° 

88".74 

88  .91 

89  .19 
89  .31 

88  .48 

67".59 
()7   .73 

67  .94 

68  .03 
67   .40 

To  far  edge. 

54H 

88  .95 

67  .76 

55M 

37  .59 

37  .13 

36  .54 

38  .21 
38  .49 

37  .12 

28  .63 

28  .28 

27  .83 

29  .10 
29  .32 

28  .28 

To  near  otlge. 

14     2 

37  .30 

28  .41 

88  .77 

67  .62 

To  far  edge. 

89  .16 

67  .92 

8 

88  .94 

67  .75 

16     8   14 

33  .20 

25  .27 

To  near  edge.     Aper.  24  in. 

E. 

C.  Slipher 

32  .18 

24  .50 

Ep.  25"""- 

32  .20 

24  .52 

31    .93 

24  .31 

21 K, 

82  .09 

80  .90 
82  .12 

81  .29 

62  .50 

61  .59 

62  .52 
61   .89 

To  far  edge. 

2614 

80  .31 
80  .34 
79  .93 

78  .81 

61    .14 
61   .16 
60  .85 
60  .00 

323^4^ 

28  .53 
26  .83 
28  .03 
26  .35 
26  .29 

21    .72 

20  .42 

21  .34 
20  .06 
20  .01 

To  near  edge. 

37^ 

76  .16 
78  .04 

77  .23 

57  .98 
59  .41 

58  .80 

• 

To  far  etlge. 

13   37 

38  .29 

29  .15 

To  near  edge.     Seeing  7. 

E. 

('.    SmI'MKU 

37  .91 

28  .87 

Aper.  24  in. 

37  .98 

28  .92 

EiJ.  25"""- 

421^ 

88  .71 
88  .76 
88  .97 
88  .93 

67  .54 
67  .58 
67  .74 

67   .70 

To  far  edge. 

47J4 

37  .10 

28  .25 

To  near  t>dgo. 

38  .48  29  .30 

37  .09  28  .24 
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Distance 

OK   S. 

VTELLITE 

\'    FROM 

Jupiter  Measuree 

1  ALONG   X  — 

-  Colli iaued 

M. 

S.  T.,  1915 

At  True  Dist. 

At  Mean  Dist. 

Remarks 

Observer 

Sept. 

16''  13h  oSH"'           37" 

'.16 

28" 

.29 

87 

.32 

66 

.48 

To  far  (nlge. 

88 

.16 

67 

.12 

87 

.02 

66 

.25 

86 

.53 

65 

.88 

58 

87 

.57 

66 

.68 

35 

.36 

26 

.92 

To  near  edge. 

34 

.25 

26 

.08 

35 

.28 

26 

.86 

14     4M 

85 
85 

.97 
.67 

65 
65 

.45 
.23 

To  far  edge. 

18     S     9 

31 

.61 

24 

.07 

To  near  edge. 

Seeing  6. 

E.  C.  Slipher 

32 

.04 

24 

.40 

Aper.  24  in. 

UH 

81 
80 
80 

.39 
.58 
.74 

61 
61 
61 

.98 
.36 
.48 

To  far  edge. 

Ep.  25"""- 

Position  Angle  Between  Satellite  V  and  Satellite  II  and  Distance  Measured  along  X 


■M.S.T.,  1915 

At  True 

Dist. 

At  Mean  Dist. 

P.  A. 

Remarks 

Observer 

Sept.  18"    8' 

■  21'" 

62°.05 

Seeing  6. 

Lowell 

42 

122" 

.44 

93". 24 

Aper.  24  in. 

121 

.94 

92  .85 

Ep.  25">'"- 

57 

120 

.77 

91    .97 

58M 

120 
120 

.31 
.47 

91    .61 
91    .74 

9 

7 
22M 

118 

.48 

90  .22 

243  .6 

E.  C.  Slipher 

13 

6M 

240  .2 

241  .4 

Seeing  8. 
Aper.  24  in. 

Lowell 

13 

72 

.84 

55   .47 

Ep.  25"""- 

14 

73 

.39 

55  .88 

14M 

73 

.07 

55   .64 

20 

241  .2 

21M 

' 

242  .4 

Position  Angle  Between  Satellite  I  and  Satellite  V  and  Distance  Measured  along  X 


M.  S.  T.,  1915 

At  True  Dist. 

At  -Mean  Dist. 

P.  A. 

Remarks 

Observer 

Sept.  18"  13''  3114" 

247°.7 

Seeing  7. 

E.  C.  Slipher 

32M 

248  .5 

Aper.  24  in. 

38M 

61".49 

46".83 

Ep.  25"""  • 

39^ 

61    .40 

46   .76 
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Position  Angle  Between  Satellite  I  and  Satellite  V  avd  Distance  Measured  alonc  X 

(Coiitirtueil) 

Uomarlcs  Observer 


M.  S.  T.,  1915 

At  True  Dist. 

At  Mean  Dist. 

P.  A. 

Sept.  18"  13"  41^ 

61".05 

46" 

.49 

42M 

60   .98 

46 

.44 

43M 

60  .95 

46 

.41 

4Qy2 

247°.5 

47M 

247  .9 

5314 

60  .89 

46 

.37 

55 

60  .20 

45 

.85 

563^ 

59  .50 

45 

.31 

57M 

60  .15 

45 

.80 

5SH 

60  .41 

46 

.01 

59 

60  .12 

45 

.78 

14     0 

60  .54 

46 

.10 

IM 

60  .18 

45 

.83 

SVi 

247  .1 

llK 

60  .78 

46 

.28 

14H 

61   .07 

46 

.51 

15M 

61   .55 

46 

.87 

16^ 

60  .51 

46 

.08 

173-^ 

61    .15 

46 

.57 

18M 

61   .19 

46 

.60 

19 

60  .69 

46 

.21 

20 

61    .40 

46 

.76 

22>4 

247  .6 

25 

246  .9 

Position  Angle  Between  Satellite  \  and  Satellite  II  and  Distance  Measured  along  X 


M.  S.  T. 

At  'I'riic 

■  l)i,st. 

At  Men 

m  Dist. 

P.  A. 

Kom;u-k.s 

Observer 

Sept.  19>'  13''  24"' 

81" 

.41 

62" 

.01 

Seeing  7. 

E.  C".  Slipher 

26K> 

80 

.65 

61 

.43 

Aper.  24  in. 

27H 

80 

.04 

60 

.97 

Ep.  25  "'■" 

28 

80 

.19 

61 

.08 

29 

80 

.54 

61 

.35 

31 

248°.7 

32^ 

« ' 

249  .7 

37 

■78 

.16 

59 

.53 

38M 

78 

.98 

60 

.16 

Better:  well 

391/2 

78 

.62 

59 

.88 

seen  on  \\  ire. 

41 

79 

.03 

60 

.20 

421^ 

78 

.05 

59 

.45 

46 

79 

.22 

60 

.34 

Lowell 

48 

78 

..59 

59 

.86 

Satellite  at 

50?4 

77 

.95 

59 

.38 

limit  i)f  visi- 

55^4 

78 

.51 

59 

.80 

l.ilily. 

58 

77 

..39 

58 

.94 

14     4I/2 

248  .3 
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Position  Angle  Between  Satellite  I  and  Satellite  V  and  Distance  Measured  along  X 


M.  S.  T.,  1915 

At  Tru 

e  Dist. 

At  Mean  Dist. 

P.  A. 

Remarks 

Observer 

Sept.  27''  12'>  14"'.6 

76°.0 

Seeing  6-7. 

E.  C.  Slipher 

18 

.6 

22' 

.32 

17' 

'.08 

Apcr.  24  in. 

19 

.8 

22 

.06 

16 

.88 

Ep.  25'""' • 

21 

.4 

21 

.43 

16 

.39 

22 

.7 

21 

.15 

16 

.18 

23 

.9 

20 

.59 

15 

.75 

25 

.8 

20 

.05 

15 

.34 

28 

.0 

19 

.00 

14 

.54 

29 

.4 

19 

.52 

14 

.93 

32 

.6 

78  .0 

36 

.3 

79  .2 

39 

.8 

16 

.89 

12 

.92 

41 

.1 

16 

.40 

12 

.55 

42 

.8 

15 

.53 

11 

.89 

44 

.1 

15 

.66 

11 

.98 

45 

.3 

14 

.95 

11 

.44 

46 

.7 

14 

.96 

11 

.44 

48 

.0 

14 

.94 

11 

.43 

50 

.0 

14 

.77 

11 

.30 

50 

.7 

14 

.62 

11 

.18 

53 

.2 

14 

.91 

11 

.41 

57 

.1 

83  .0 

59 

.0 

83  .2 

Note.  — On  August  30th  picked  up  the  satelhte  as  a  strange  object  while  exploring  the  region  about  Ju[>Uer,  detecting  its  motion 
during  the  interval.  It  was  seen  without  a  bar  in  the  eye-piece  and  with  the  planet  in  the  field.  On  September  16th  it  was  seen  with 
an  aperture  of  fifteen  inches. — E.  C.  S. 

Lowell  Ohturmlori/,  March,  1916. 


A   NEW   VARIABLE,    B.D.  +  69.184, 

By  RAYMOND   S.  DUGAN. 


I  have  recently  completed  a  series  of  photometric 
observations  of  the  eclipsing  binary  R  Z  Cassiopeice. 
During  the  earlj'  part  of  the  series  I  used  B.  D.  -f  69.- 
184  =  a  as  a  comparison  star,  but  later  substituted 
B.  D.  +69.181  =  b,  as  the  measures  with  the  former 
were  apparently  somewhat  discordant.  The  observa- 
tions with  b  are  sufficiently  mniierous  to  define  the 
light  ■  curve  of  K  Z  Cassiopeice.  With  the  aid  of  this 
light  curve  it  was  then  possible  to  find  the  variations  in 
the  light  of  a  on  the  nights  when  it  was  observed.  The 
number  of  nights  when  the  star  was  of  average  bright- 
ness is  greater  than  the  number  of  nights  w\wn  it  was 
either    brighter   or   fainter    than    (he   average.     On    two 


nights,  36.0  days  apart,  it  was  observed  descending  from 
a  larightness  some  three  or  four  tenths  of  a  magnitude 
greater  than  the  minimum.  Periods  approximating  six, 
three,  or  two  days  are  indicated  by  a  considerable  por- 
tion of  the  data,  but  no  period  has  been  found  which 
satisfies  all  the  data.  The  average  Ijrightness  of  a  is 
about  8.8  magnitude.  In  the  following  .table  I  give,  for 
nights  when  the  light  was  nearly  constant  or  when  the 
observations  were  too  few  to  surely  show  a  change,  the 
average  of  the  Greenwich  geocentric  times  of  observation, 
the  average  magnitude-difference  between  a  and  b,  and 
the  number  of  observations.  The  observations  made 
on  the  two  nights  referred  to  above  are  given  in  full. 
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J.  D. 


No. 


9126.6 

+0.33 

10 

915L6 

.43 

5 

9153.6 

.45 

12 

9322.7 

.43 

12 

9323.7 

.37 

5 

9336.7 

.48 

13 

9359.7 

.34 

12 

9447.6 

.45 

14 

9475.7 

.41 

2 

9680.7 

.40 

19 

9715.5 

.35 

4 

9716.6 

.35 

14 

9721.6 

.47 

11 

0227.55 

..53 

3 

0233.65 

+  0..50 

10 

J.  D. 


0240.525 

+  0.76 

..531 

.74 

.537 

.75 

.543 

.76 

.549 

.81 

.587 

.57 

.599 

.59 

.608 

.53 

.614 

.68 

.628 

.61 

.634 

.75 

.658 

.68 

.665 

.69 

.680 

.60 

.688 

.67 

.694 

.55 

0240.701 

+  0.48 

.1.  D. 


b-n 


N'o. 


0276.553 

+0.79 

.560 

.79 

.569 

.72 

.575 

.72 

.611 

.57 

.618 

.56 

.627 

.58 

.637 

.36 

.647 

.39 

.655 

..30 

.664 

.32 

0276.684 

.36 

0443.6 

.48 

2 

0447.5 

.33 

1 

0451.6 

.57 

3 

04.53.5 

.41 

4 

0457.5 

.47 

2 

0503.6 

.37 

6 

0624.7 

+  0.45 

2 

Princeton  L'niversit!/  Observatory,  March  IS,  lf)l6. 


OBSERVATIONS  OF   THE   DOUBLE  COMETS  1915  e  (Taylor)  AND    t9hj  a  <mellish), 

By  E.  E.  BARNARD. 


Observing  Taylor's  comet  on  1916,  February  9,  with 
the  large  telescope,  it  was  found  that  the  comet  was 
distinctly  double  with  a  difference  of  about  one  magni- 
tude between  the  components.  The  smaller  one  was 
north  and  shghtly  following.  Though  their  nebulosities 
mingled,  each  was  a  distinct  comet  in  the  center  of  which 
was  a  small  condensation  —  in  the  larger  one  this  was 
almost  stellar.  The  magnitudes  were  estimated  14  and 
15,  but  these  may  be  too  faint  on  account  of  moonlight. 
They  were  later  estimated  13th  magnitude  and  14th 
magnitude. 


Following  are  the  measures  of  these  objects: 


C.  S.  T. 

7"  SB™  39" 
7   54    12 

9   48    .54 


P.  A. 

21°.38  (4) 

20  .95  (3) 

21  .46  (6) 


C.  S.  T. 
71,  3gm  46- 

7    57    44 
9   54    39 


Dist. 

8".76  (4) 
9  .23  (4) 
9  .52  (4) 


.\pparently  there  was  an  increase  in  the  distance,  l)ut 
the  last  measure  was  made  under  difficuities  on  account 
of  increa.sing  haze,  which  prevented  any  later  observa- 
tions. 


The  Companions  of  Comet  191')  a  (Mellish) 

The  following  additional  measures  of  the  components 
of  this  comet  (see  A.J.  Vol.  XXIX,  p.  40,  1915)  were 
obtained  with  the  large  telescope,  on  1915,  May  23. 


A  C 


C.  S.  T. 
H^  30'" 
15     0 


C.  S.  T. 
14h  57m 


F.  A. 

291°.6  (5) 
290  .9  (3) 


C.  S.  T. 
14''  43"' 
15     5 


.1  /} 

P.  A.  ('.  .s.  r. 

294°.5  (2)  IV'o^i" 


Dist. 

.58".9  (6) 
.58  .5  (4) 


•   Dist. 
3o".5  (4) 


,1  was  about  five  times  brighter  than  <'.  and  was 
slightly  condensed,  but  with  nu  nucU-us  —  it  was  more 
definite  on  the  preceding  side.  Sometimes  li  appeared 
to  have  a  nucleus.  They  were  all  involved  in  tlie  com- 
mon nebulosity  of  ,1. 

The  comet  was  very  low  near  tlie  southern  liorizon, 
among  clouds,  and  tiie  seeing  waj!  very  bad. 

Yirkts  Obstrvatory,  Wittiama  Bay,  Wisconsin, 
mil!,  February  tO. 
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OBSERVATIONS   OF   COMETS, 


MADE   ^MTH   THE    FILAR   MICROMETER   OF  THE    11-INCH   EQUATORIAL  AT  SMITH   COLLEGE   OBSERVATORY,    NORTHAMPTON,   MASS., 

By  HARRIET   W.  BIGELOW. 


Greenwich  Mean  Time 


Comp. 


#^  -  * 


Aa 


M 


^  's  Apparent 
a  5 


LogpA 
a  5 


1915 

Feb.  17 
18 
19 
20 
21 

Mar.  8 
9 
11 
23 
24 
26 

Apr.  12 
13 
19 
20 

May    6 

9 

10 


20  37  53 

21  32  39 
21  45  35 
21  46  22 
21  23  54 
20  23  54 
20  39  56 
20  36  28 
19    0  25 

19  26  33 

20  7  58 
18  36  27 
18  20  2 
18  11  36 
18  42  41 
18  14  11 
18  31  14 
18  30    8 


Comet  191S  a  (Schaumasse) 


1013                           h        111        S 

m       8 

May  10  18  50  35 

1 

15    7 

+  2  58.80 

14  19  37  25 

2 

30  10 

+0    3.72 

June    5  15  11  13 

3 

22    6 

+  0  49.74 

+  2  7.2 
-6  29.5 
+4    0.2 


20  39  46.05 
20  20  32.43 
16  15  27.81 


Comet  1.913  a  (Mellish) 


4 

18    9 

6 

20    9 

7 

18    8 

8 

19    8 

9 

20    8 

10 

19    8 

11 

20    8 

12 

19  10 

13 

20    9 

14 

20    9 

15 

15    7 

16 

24    9 

17 

20    8 

18 

23    9 

19 

20  10 

20 

20    9 

21 

20-8 

22 

19    9 

+0  20.27 
- 1  54.54 
-3  20.70 
-2  4.52 
-0  49.73 
-1  18.42 
- 1  47.57 
-1  6.16 
+  0  29.74 
+  1  42.58 
-5  5.36 
+  2  37.56 
+  1  13.79 
+0  2.20 
- 1  54.35 
+  2  28.96 
+  1  47.96 
-0    5.75 


-5  34.0 
-6  7.9 
+  2  54.0 
-1  42.7 
-6  20.7 
-5  0.2 
-5  47.8 
-1  41.0 
+  1  36.8 
+0  21.4 
-2  10.2 
-3  4.8 
-5  9.6 
-2  27.5 
+  7  15.5 
-7  57.2 
+0  56.6 
+8  22.9 


17  12 
17  13 
17  14 
17  15 
17  17 
17  36 
17  37 
17  39 
17  54 
17  56 

17  58 

18  19 
18  21 
18  28 
18  30 

18  54 

19  0 
19  2 


26.91 
43.54 
59.75 
14.57 

6.19 
22.33 
52.36 
45.37 

1.10 
32.35 
47.69 

3.76 
54.03 
16.26 
26.92 

6.25 

6.82 


+  13  41  44.0 
+  18  5  50.9 
+  41  36  30.8 


+ 
+ 
+ 
+ 
+ 
+ 
+  0 

-  0 

-  0 

-  0 

-  3 

-  4 

-  6 

-  6 
-15 
-17 
-18 


37  0.6 
32  23.1 
27  50.1 
23  13.3 
18  35.3 

5  49.6 

0  25.7 

49  27.3 
26  43.1 
34  24.1 

50  21.4 
58  12.4 
13  24.8 

1  8.9 
22  27.5 

6  11.2 
44  57.2 
43  51.2 


9.544  0.678 
9.371  0.587 
9.170      9.350 


9.546 
9.443 
9.404 
9.395 
9.444 
9.486 
9.446 
9.442 
9.554 
9.511 
9.413 
9.511 
9.533 
9.523 
9.460 
9.449 
9.394 
9.394 


0.757 
0.753 
0.753 
0.753 
0.755 
0.764 
0.763 
0.765 
0.772 
0.773 
0.776 
0.791 
0.791 
0.800 
0.806 
0.846 
0.862 
0.866 


Mean  Places  of  Comparison  Stars  for  the  Beginning  of  the   Year 

* 

a 

Red.  to  App.  Pi. 

d 

Red.  to  App.  PI. 

Authority 

1 

201^  36"^ 

46M0 

+  1M5 

+  13°39'49".2 

-12^4 

A.  G.  Leipzig  I  8076 

2 

20 

20 

27  .39 

+  1.32 

+  18    12  34  .2 

-13.8 

A.  G.  Berlin  A  8158. 

3 

16 

14 

35  .23 

+  2.84 

+41   32  40  .7 

-10  .1 

A.  G.  Bonn  10450. 

4 

17 

11 

46.95 

+0.56 

+  2   42  51  .  6 

-17.0 

Comp.  with  5  Aa  +10M5  15- 

-3'38".2 

5 

17 

11 

36  .80 

+0.56 

+  2  46  29  .8 

-17.0 

A.  G.  Albany  5706. 

6 

17 

15 

20.88 

+0.57 

+  2   38  48  .0 

-17.0 

A.  G.  Albany  5730. 

7 

17 

18 

3  .65 

+0  .59 

+  2   25  13  .0 

-16.9 

A.  G.  Albany  5752. 

8 

17 

18 

3.65 

+0.62 

+  2   25  13  .0 

-17.0 

A.  G.  Albany  5752. 

9 

17 

18 

3.65 

+0.65 

+  2   25  13  .0 

-17.0 

A.  G.  Albany  5752. 

10. 

17 

37 

23  .60 

+  1  .01 

+   1    11     6  .8 

-17.0 

A.  G.  Albany  5881. 

11 

17 

39 

8.87 

+  1.03 

+   1     6  30  .5 

-17.0 

A.  G.  Albany  5890. 

12 

17 

40 

57.44 

+  1.08 

+  0   51  25  .3 

-17  0 

A.  G.  Nicolajew  4400. 

13 

17 

54 

14.25 

+  1.38 

-  0   28     3  .8 

-16.1 

A.  G.  Nicolajew  4461. 

14 

17 

54 

17.10 

+  1  .42 

-  0   34  29  .4 

-16.1 

A.  G.  Nicolajew  4462. 

15 

18 

3 

36.28 

+  1  .43 

-  0  47  55  .5 

-15.7 

A.  G.  Nicolajew  4497. 
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Mean  Places  of  Comparison  Stars  for  the  Beginning  of  the  Year  — •  ConUnucd 


* 

a 

Red.toApp.Pl. 

5 

Red.toApp.Pl. 

.Authority 

16 

18    17      8.23 

+  1  .90 

-   3    .54  54   .1 

-13.5 

A.  G.  Strassburg  6141. 

17 

18    19    48  .05 

+  1  .92 

-   4      8     2   .0 

-13.2 

A.  G.  Stra.ssburgGUil. 

18 

18   28    49  .76 

+  2  .07 

-   5   58  29  .8 

-11  .6 

A.  G.  Wien-Ottakiing  6218. 

19 

18  32      8.51 

+  2.10 

-   6   29  31   .9 

-11  .1 

A.  G.  Wien-Ottakring  6233. 

20 

18   51    55  .35 

+  2  .61 

-14    .58     7   .9 

-   6.1 

A.  G.  Washington  7005. 

21 

18   58    15.56 

+2  .73 

-17   45  49   .2 

-  4.6 

A.  G.  Washington  70.50. 

22 

19     2      9.81 

+  2.76 

-18   52   10  .1 

-  4.0 

Argentine  Gen.  Cat.  26165. 

THE   APEX    OF    SOLAR    MOTION    DERIVED    FRO:\I    THE 
ALBANY    ZONE    CATALOGUE, 

By  BENJ.\MIN   BOSS. 


The  as  yet  unpuliHshed  zone  oliscrvations  taken  at  the 
Dudley  Observatory  from  1896  to  1900,  principally  of 
stars  included  in  the  zone  —23°  to  —37°,  have  furnished 
the  means  of  deriving  a  number  of  large  i^roiXT-motions. 
While  there  is  no  pretence  of  a  refined  degree  of  accuracy, 
the  proper-motions,  on  account  of  their  size,  will  not 
deviate  gr(>atly  from  the  true  proper-motions.  More 
than  700  proper-motions  of  10"  or  greater  were  derived. 

The  zone  was  divided  into  twenty-four  trapezia,  each 
trapezium  containing  all  the  stars  in  an  hour  of  right- 
ascension.  For  each  group  conditional  ('(juations  were 
formed  for  the  separate  stars  by  the  equations 


and 


X  sin  a  —  Y  cos  a  =  /i  cos  6 
X  cos  a  sin  5  +  )'  sin  a  sin  5  —  Z  cos  5  =  yu'. 


A  mean  of  the  equations  of  condition  was  formed  for 
each  group.  Tli(>re  are  an  average  of  twenty-eight  stars 
in  a  group.  Equal  weight  was  given  to  each  conditional 
equation  when  solving  for  the  normal  equation. 

Tlie  following  normal  equations  resulted: 

+  11.95  A'       -   0.04  Y     =      +0.21 
-   0.04  X       +11.92  )■     =      -1.91 


+  2.92  A'       -  0.02  Y 

-  0.02  X       +   2.94  r 

-  0.14  X       +  0.00  }■ 


-  0.14  Z  =  +0.06 
+  0.00  Z  =  -0.37 
+  17.95  Z    =     +1.97 


or  combining  the  two  to  secure  greater  accuracy 

+  14.87  X  -  0.06  F  -  0.14  Z  =  +0.27 
-  0.06  a:  +14.86  r  +  0.00  Z  =  -2.28 
-0.14  A'       +   0.00  r       +17.95  Z    =     +1.97 

Solving  the  latter  normal  t'(iuation 

A'  =  +.019,         )'  =  -.153,         Z  =  +.110 

Then  from  the  relations 

X  =  M  cos  D  cos  .1 
Y  =  M  cos  D  sin  A 

Z    =   .1/  Mil   1) 

A,  D  and  .1/  are  ('(jinijuted.  where  .1/  represents  the 
mean  parallactic  motion,  .ind  .1  .ind  I)  the  coordinates 
of  the  solar  ape.\ 

.4  =  277°.0         D  =  +3.5°.4         .1/  =  19".0 

Tlie  resvilt  is  suri)risiugl.\'  good  in  \ic\\  of  the  fact  that 
all  the  stars  lie  in  a  comparatively  narrow  zone. 


( •  0  N   1"  E  X  T  S  . 

Measures  of  tiik  l''ih-rn  SATKr.i.rrK  ov  Jujiitir,  hy  I'ehciv.m,  Lowki.i,  .\nd  E.  C.  Sliimiek. 

k  New  Vakiabi.e,  li.  I).  +69.181,  by  Raymond  S.  Duoa.n. 

Observations  of  the  Double  Comets  i!il'>  c  (Tnijlor)  and  into  a  {Mcllinh),  by  E.  E.  Hahnaud. 

Observations  of  Comets,  hy  Harriet  W.  BifiELOw. 

The  Apex  of  Solar  Motion,  by  Benjamin  Bos.s. 
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GRAPHICAL   SOLUTION    OF   THE   POSITION    OF   A    BODY 
IN   AN    ELLIPTIC    ORBIT, 

By  THORNTON   C.  FRY. 


1.     Introduction.     The  three  equations, 
(I)  M  =  E  -  e  .sin  E, 


(2) 
(3) 


-  =  1  —  e  cos  E, 

a 


cos  E  —  e  =  (1  —  e  cos  E)  cos  v  , 


define  the  position  of  a  body  moving  in  an  elliptic  orbit, 
when  M,  the  mean  anomoly,  and  e,  the  eccentricity,  are 
knoMTi.  Equation  (1)  is  known  as  Kepler's  equation, 
and  its  solution  presents  practical  difficulties.  The 
purpose  of  this  paper  is  to  explain  a  simple  graphical 

method  of  finding  the  quantities  -  and  ;>,  when  too  great 

accuracy  is  not  required.  The  method  will  be  immedi- 
ateh'  recognized  as  applicable  in  double  star  computa- 
tions, for  example,  in  which  the  accuracj'  furnished  by 
the  graphical  solution  is  satisfactory. 

The  foundation  for  the  work  is  the  theory  of  Nomo- 
graphy,  for  which  reference  may  best  be  made  to 
D'OcAGNE,  Traite  de  Nomographie.  This  work  presents 
as  an  illustration  a  nomographic  solution  of  Kepler's 
equation.  The  solution  is,  however,  of  little  practical 
value,  at  least  in  the  form  in  which  it  is  presented  in  the 
figure  which  accompanies  the  illustration. 

Another  nomographic  solution  of  Kepler's  equation 
is  that  of  V.  Laska.*  For  this  chart  the  author  claims 
an  accuracy  of  about  a  fifth  of  a  minute  of  arc,  but  the 
solution  requires  several  auxiliary  computations,  which 
make  its  use  somewhat  tedious.  The  value  of  e  is  lim- 
ited to  be  less  than  0.25. 

Since  the  construction  of  the  present  chart  requires  an 
extension  on  the  common  theory  of  Nomography  which 
the  author  has  been  unable  to  find  in  the  literature,  it 

*A.N.,  Nr.  4770:  "Ein  Nomogramme  zur  Auflbsung  der  Kepler- 
schen  Glcichung." 


will  be  necessary  to  carry  out  the  solution  without  fur 
ther  reference  to  texts  on  the  subject. 
A  determinant  which  will  be  met  in  the  work  is 


Xi 

yi 

0 

X2 

2/2 

1 

Xz 

2/3 

1 

The  expansion  of  (4)  is 


2/1 


ys  -  yt  =  —  (X3  -  X2) 

Xi 


That  is,    (4)   states  that  the  slope  of  the  line  joining 

(Xi,  iji)  and  {xz,  1/3)  is  -  . 

Xi 

2.     Theory  of  the  Charts.     The  equations  (1),  (2) 
and  (3)  may  be  written,  respectively,  in  the  forms: 


1 

e 

0 

M 

sin  E 

E 

1 

e 

0 

r 
a 

cos  E 

1 

1 

e 

cos^ 

1 

-1 

1 

1 
1 

1  +  sin  E 


1 
1 

1  4-  cos  fi 

1 
1 

—  cos  I' 


=  0, 


=  0, 


(5) 


(6) 


(7) 


This  may  be  verified  by  actual  expansion. 

If  the  first  column  of  each  of  these  determinants  be 
subtracted  from  the  last,  the  following  set  of  determi- 
nants results: 
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(8) 


(9) 


(10) 


1 

e 

0 

0 

M 

1 

sin  E 

E 

1 

1 

e 

0 

0 

r 
a 

1 

cos  E 

1 

1 

1 

e 

0 

cos  E 

1 

1  - 

-  COS  E 

-1 

1 

.1  - 

-  cos  V 

0, 


=  0, 


=  0. 


If  the  third  row  of  (7)  be  subtracted  from  the  second, 
and  the  resulting  determinant  rearranged  by  elementary 
operations,  another  determinant 


(11) 


1 

e 

0 

cos  V 

1 

1  +  cos  y 

-1 

1 

1  +  cos  E 

0, 


results,  which  is,  of  course,  equivalent  to  (10). 

If  E  and  v  are  not  zero,   (10)  may  be  written  in  the 
form 

1  e  0     I 

cos  E  1 


(12) 


1  — cosS      1— cos£' 
-1  1 


1     ! 


1 


=  0. 


1  —  cos  V        1  —  cos  V 

if  E  and  v  are  not  tt,  (11)  may  be  written  in  the  form 


(13) 


1  e 

—  cos  V  1 

1+cosy  1  +  cosr 
-1  1 


1  +  cos  E      1  +  cos  E 
Define  eight  curves  b}'  the  equations: 


=  0. 


(14) 
(15) 

(16) 
(17) 


xi  =  0. 

yi  =  M 

Xa  =  sin  £ 
y,  =  E 

a;3  =  0 

r 


?/s 


a 


Xi  =  cos  E 
y*  =  1 


Xt,    = 

COS  E 

1  -  cos  £ 

y-o  = 

1 

1  —  COS  £ 

Xf.    = 

-  1 

1  —  COS  V 

1 

(18) 


(19) 


X-, 


cosy 


Xs   = 


?/s 


1  + 

cos  y 

1 

1  + 

cos  V 

_ 

- 1 

1  + 

cos  E 

1 

(20) 


(21) 


1  +  cos  ^ 


These  eight  curves  will  be  found  sufficient  for  the  solution 
of  our  problem,  and  the  remainder  of  the  paper  will  l)c 
devoted  mainly  to  discussing  them.  For  the  present  we 
shall  confine  our  attention  to  (14)  and  (15). 

If  E  be  given  a  value  ®,  (15)  defines  a  pair  of  values 
X2  and  JJ2,  and  therefore  a  point  (Xo,  ^2  )  which  we  shall 
denote  by  ^,.  In  general  a  different  point  ^,  is  de- 
termined for  each  value  of  E,  and  the  aggregate  of  such 
points  is  a  curve,  <£,.  Suppose  that,  when  the  point  ^a- 
is  marked,  the  value  ®  is  written  beside  it,  and  that  this 
is  done  for  a  sequence  of  values  of  E  differing  by  a  con- 
venient "tabular  tlifiference."  The  result  is  a  scale  of 
the  quantity  E,  arranged  along  the  curve  (5. 

That  is,  the  equations  (15)  may  be  thought  of  as  the 
equations  of  a  scale.  We  shall  suppose  in  what  follows 
that  this  scale  has  been  constructed. 

Similarly,  if  M  be  given  a  value  |tt,  (14)  defines  a  point 
|?jf  (*i.  Si))  and  a  different  point  will  be  determined  for 
each  value  of  A/,  although,  in  this  spwial  case,  the  x- 
coordinate  does  not  change  from  point  to  point.  Hence 
(14)  defines  a  scale  of  values  of  M .  Let  this  scale  also 
be  constructed. 

Let  t,  |tt  and  <?  be  any  set  of  values  .satisfying  (8). 
Then  (8)  becomes,  in  virtue  of  (14)  and  (15), 


1 

r 

0 

X. 

Si 

1            =  0.         (22 

*J 

S: 

1 

h  .Ma 

tes  thai 

the 

slope  of  the  line  join 
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ing  ^E  and  ^j,  is  t.  Suppose  values  M  =  |tt,  e  =  t 
are  given  and  the  value  E  =  IB  is  desired  which,  to- 
gether with  pi  and  e,  satisfies  equation  (1).  Through 
the  point  ^„  on  the  scale  (14)  draw  a  line  of  slope  t. 
Equation  (22)  tells  us  that  it  will  intersect  scale  (15) 
in  the  point  ^^  to  which  the  desired  number  ®  cor- 
responds. This  number  maj^  be  read  off.  This  affords, 
therefore,  a  method  of  solution  of  the  equation  (1). 

A  similar  chart  may  be  constructed  for  (2)  by  using 
(16)  and  (17);  for  (3)  by  using  (18)  and  (19),  or  by  using 
(20)  and  (21).  Since  the  first  rows  of  (8),  (9),  (12)  and 
(13)  are  identical,  the  direction  corresponding  to  a  value 
e  =  e  is  the  same  on  each  chart.  This  will  be  found  to 
be  a  very  fortunate  situation. 

3.  The  Scales.  Having  shown  that  it  is  possible 
to  construct  a  chart  solving  each  of  the  equations  (1), 
(2)  and  (3),  we  turn  to  a  discussion  of  the  scales  which 
must  be  constructed  in  each  of  these  charts. 

In  (14)  Xi  =  0  is  evidently  the  equation  of  the  F-axis. 
The  scale  is  therefore  a  straight  line.     From 


we  obtain 


dyi   =  dM  . 


If  a  set  of  values  of  M  with  a  constant  tabular  difference 
dM  be  chosen,  so  that  dM  =  C,  we  have 

dm  =  C. 

That  is,  the  divisions  of  the  scale  are  equal  in  length. 
Such  a  scale  is  called  uniform. 

Elimination  of  E  from  equations  (15)  gives 

X2   =  sin  2/2 , 

which  shows  that  the  scale  is  a  sinusoid  running  along 
the  F-axis.     Since 

dljn    =    dE   , 

and  is  constant  if  the  tabular  difference  of  E  is  constant, 
it  follows  that  the  points  of  division  of  this  scale  are 
at  the  same  vertical  distance  above  one  another.  If  the 
scale  were  distributed  along  a  straight  line,  it  would  be 
uniform. 

If  in  equations  (14)  and  (15)  M  =  E,  then  y\  =  1/2. 
That  is,  the  numbers  on  the  £^-scale  stand  horizontally 
opposite  the  same  numbers  on  the  3/-scale. 

(16)  is  a  set  of  equations  exactly  like  (14),  and  rep- 
resents a  uniform  scale  on  the  F-axis. 

In  (17)  2/4  =  1  is  the  equation  of  a  line  parallel  to  the 
X-axis  and  one  unit  above  it.  The  point  on  this  scale 
numbered  E  is  at  the  distance  cos  E  from  the  F-axis. 
Since  |  cos  E\  <1,  this  scale,  for  0  ^  £"  <  tt,  is  two  units 
ong.     The  scale  is  not  uniform.     The  distance  between 


successive  divisions  is  proportional  to  d  (cos  E)  = 
—  sin  E  dE,  and  is  variable.  Such  a  scale  is  technically 
called  a  sinusoidal  scale. 

We  pass  (18)  and  (19)  for  a  time  and  consider  (20) 
and  (21)  instead.     From  (20) 

]h  =  x,+  \.  (23) 

Also,  dsi  =  V  {dxiY  +  {dy7y' 

„        sin  It  , 

=   V  2  TT^ r,  av 

(1  +  cos  V)- 

^2  ,      V       .v  , 
=     ^  tan  -  sec^  -^dv 

Hence,  if  s^  be  measured  from  the  point  numbered  i>  =  0, 

V2 


s,  =  _  tan^  2  ■ 


(24) 


This  is  a  linear  scale,  as  shown  by  (23).  It  is  not  uni- 
form. Equation  (24)  gives  the  distance  from  the  point 
numbered  y  =  0  to  that  to  which  is  affixed  any  other 
value  of  V,  and  therefore  affords  an  easy  method  of  con- 
structing the  scale. 
Equation  (21)  gives 


2/8 


Ss   = 


-Xi  . 

V2  ^     ,E 
^  tan-^-. 


(25) 
(26) 


This  is  also  a  linear  scale.  (26)  shows  that  it  is  identical 
with  (20)  in  appearance,  although  different  in  position. 

From  (20)  and  (21)  it  follows  that,  if  v  =  E,  yi  =  y^. 
That  is,  any  number  on  the  i)-scale  stands  horizontally 
opposite  the  same  number  on  the  £'-scale. 

In  the  solution  of  our  problem  it  is  necessary  to  use 
values  of  v  and  E  between  0°  and  180°.  Our  scales  of 
V  and  E  should  be  of  service  for  this  range  of  values. 
But  substituting  180°  for  v  or  E  in  (24)  or  (26)  gives 
s  =  00.  Hence  it  is  impossible  to  use  these  scales  through- 
out the  desired  range  of  values.  This  difficulty  may  be 
overcome  by  the  following  device. 

Let  V\  and  Ei  satisfy  (11)  for  a  given  value  of  e,  and 
set 


1'2      =    TT    —    El 

En     =    TT    —    Vl   . 

(11)  becomes 

1              e                  0 

—  cos  1^1            1            1  +  cos  Vl 

- 1                  1            1  -1-  COS  £'1 

(27) 
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-ae-'a 


(28) 


1 

cos  Ei 
-1 


0 
1  -  cos  Ei 
1  —  cos  ^2 


By  hj-pothesis,  (27)  is  zero.  Hence  (28)  is  zero  — that 
is,  i;2  and  E2  satisfy  (10).  But  (10)  and  (11)  are  identical 
equations,  as  we  have  seen  in  deriving  them.  It  fol- 
lows that :   If 


is  a  .solution  of  (11), 


V  =  Vi 

E  =  E, 

V  =  IT  —  El 

E    =  TV    —    V\ 


is  also  a  solution  of  (11). 

Therefore,  if  the  numbers  on  the  scales  (20)  ami  (21) 
be  replaced  by  their  supplement.-*,  and  iT  the  scale  that 
at  first  was  an  £^-scalc  be  called  a  c-scale,  and  vice  versa, 
a  new  chart  is  obtained  of  the  same  character  as  the  first 
one.  It  has  this  difference,  however,  .\ngles  in  the 
neighborhood  of  180°  are  n>presented  by  points  near 
the  origin;  those  in  the  neighborhood  of  0°  by  points 
far  away.  (18)  and  (19)  are  the  equations  of  the  E- 
and  (-scales  on  this  new  chart.  We  are  therefore  led  to 
ask  whether  we  cannot  form  a  chart  consisting  of  a 
finite  portion  of  each  of  these  charts,  which  will  serve 
all  practical  purposes.  It  will  be  found  in  tlie  sequel 
that  this  is  iw.ssible. 


^    §=  l-ecos  E 


4.  The  Chart  Itsel?'.  In  the  actual  construction  of 
our  chart,  the  first  question  of  practical  importance  is: 
how  shall  the  direction  corresponding  to  a  given  value  of 
e  be  determined  from  the  chart?  This  may  be  answered 
by  considering  the  equation 


V 


=  e 


which  may  be  obtained  by  comparing  (22)  with  (4j, 
and  referring  to  the  explanation  following  (4).  Let  us 
set  .r  =  1  anil  write 


X  =  1 
y  =  e 


\- 


(29) 


Equation  (29)  is  the  equation  of  a  uniform  seal?  carried 
on  the  line  x  =  1.  If  this  scale  be  constructed,  a  line 
from  the  origin  to  any  number  f  on  this  scale  will  have 
the  slope  corresponding  to  that  value  of  e. 

Fig.  1  represents  the  scale  (29)  together  with  (14)  and 
(15).  The  lines  shown  in  tiie  figure  rejjresent  the  .solu- 
tion of  (1)  for  E  if  M  =  80°,  e  =  0.4.  O  is  the  origin, 
and  the  line  Oh  is  drawn  intersecting  the  c-scale  in  0.4. 
The  parallel  cd  intersects  M  in  80°,  and  E  in  102°.4. 
the   solution   of   tlu'   (viuation.*     Evidently   the   unit    of 


*The  values  given  throughout  this  discussion  were  not  reail 
from  the  skelcliy  ilniwinKs  of  Fins,  1,  2  iind  3,  but  were  ooiuputeti 
analytically.  .\  table  will  be  fouini  at  the  cml  of  tin-  article  con- 
taining  values  read  fnnu  (lie  ilrawing,  togelluT  with  the  errors  in 
each  of  them. 
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measure  used  in  equations   (14)   and   (15)   must  be  the 
same;   but  a  glance  at  the  figure  shows  that  it  need  not 
be  the  same  as  that  used  in  equations  (29).     It  is  only 
necessary  that  Oa  and  af  be  two  sides  of  a  square. 
Fig.  2  represents  the  chart  of  equation  (2).     Since 

0  <  r  <  2a  , 


0  <  -  <  2 

a 


and  the  -  -scale  need  be  only  two  units  long.     As  we  have 


already  seen,  the  £-scale  corresponding  is  but  two  units 
long.     The  lines  Oh  and  gh  represent  the  computation  of 

-  for  e  =  0.4  and  E  =  102°.4.     The  result  is  -  =  1.085. 
a  a 

Since  e  is  always  positive,  a  value  of  E  on  the  portion 

7* 

AD  always  corresponds  to  a  value  of  -  on  the  portion 
OA,  and  a  value  of  E  on  AC  corresponds  to  a  value  of 

T 

-  on  AB.     Hence  the  portion  CAB  of  the  diagram  may 
be  rotated  through  180°  into  the  position  C'A'B',  since 


this  rotation  carries  any  line  into  a  parallel  line  —  e.g., 
gh  into  g'h'. 

Fig.  3  represents  the  chart  of  equation  (3).  0  is  the 
origin  of  the  drawing.  The  chart  is  not  altered  by 
translating  the  E-  and  w-scales  so  that  their  intersection 
lies  at  any  other  point  than  that  shown.  They  are  con- 
structed to  read  angles  from  0°  to  110°.  The  scales  of 
supplementary  angles  are  also  shown.  Because  of  the 
congestion  of  the  scales  in  the  neighborhood  of  the  point 
of  intersection,  an  auxiliary  scale  with  a  very  much  larger 
unit  of  measure  has  been  constructed  to  read  the  first 
30°.     This  is  shown  in  Fig.  3  by  means  of  a  liffhter  line. 


For  convenience,  numbers  representing  values  of  v  have 
been  arranged  between  the  two  lines,  those  representing 
values  of  E  outside  them. 

The  figure  shows  the  computation  of  v  for  E  =  102°.4, 
e  =  0.4.     The  result  is  y  =  124°.5. 

Now  it  is  evident  that,  if  e  be  very  large,  there  are 
values  of  v  for  which  these  rearranged  scales  will  not 
suffice.  For  instance,  if  e  =  0.9  and  E  =  65°,  no  con- 
struction can  be  carried  out,  the  line  pq,  Fig.  3,  not  inter- 
secting the  scale  of  v  anyAvhere.  The  limiting  value  of 
e  for  which  all  values  of  E  and  v  may  be  considered  is 
that  corresponding  to  the  line  joining  /'  =  110°,  the  end 
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of  scale  II,  to  the  same  number  on  scale  I.  This  value 
is  about  0.625.  If  the  scale  II  of  v  and  E  were  extended 
to  120°,  the  limiting  value  of  e  would  be  0.8,  which  is 
large  enough  for  most  practical  purposes.  This  would 
add  to  the  scale  II  about  one-half  its  present  length. 
Such  an  increased  length  would  not  be  inconvenient.* 
It  was  not  included  in  the  present  drawing  because  it 
was  deemed  unnecessary  for  the  purposes  of  the  chart. 

5.  The  Use  of  the  Chart.  The  three  drawings 
of  Figs.  1;  2  and  3  have  been  superposed  in  the  chart 
shown  in  the  accompanying  plate.  The  preceding  dis- 
cussion of  each  separate  part  sufficiently  explains  the 
character  of  the  chart  itself.  It  is  suggested  to  those 
who  would  use  the  method,  however,  that  the  scales  of 

E,   -   and  c  for  which  lighter  lines  have  been  used,  be 
a 

followed  with  a  ruling  pen  and  red  ink.  It  will  be  found 
that  this  will  in  a  very  marked  degree  simplify  the  ap- 
pearance of  the  chart,  and  eliminate  liability  to  the  error 
of  reading  from  wrong  scales. 

The  origin  corresponding  to  the  e-scale  is  at  the  com- 
mon zero  point  of  the  .1/-,  -  -,  and  ^'-scales.     The  first 

a 

step  in  the  use  of  the  drawing  is  to  so  orient  it  upon  the 
drawing  board  that  the  edge  of  a  T-square  passes  through 
this  origin  and  the  proper  value  of  e.  In  this  position, 
any  desired  parallel  may  be  constructed  by  simply  mov- 
ing the  T-square  along  the  board.  No  lines  need  be 
drawTi  on  the  chart,  the  readings  being  made  while  the 

*If  for  any  reason  it  should  not  be  convenient  to  extend  this 
scale  farther,  and  larger  values  of  e  were  to  be  used,  a  third  set  of 
scales  V  and  E  could  be  constructed  to  a  still  smaller  unit  of  meas- 
ure —  say  14  '^  great  as  that  used  above.  This  would  result  in 
still  greater  congestion  of  the  portion  of  the  scales  contiguous  to 
their  intersection,  but  this  congestion  would  be  immaterial,  since 
the  other  two  scales  would  be  available  in  this  neighborhood.  In- 
deed this  portion  of  the  scales  need  not  even  be  constructed.  Ink 
of  a  contrasting  color  shouUl  be  used  on  the  new  set  of  scales. 

It  need  scarcely  be  said  that  such  an  increase  in  the  number  of 
scales  should  not  be  made  without  cause  —  nor  indeed  should  an 
increase  in  their  length. 


T-square  is  in  position.  For  this  purpose  it  is  desirable 
to  have  a  T-square  with  a  celluloid  blade,  so  that  inter- 
polation may  be  accurately  made.  Lacking  this,  an 
opaque  square  may  be  made  to  serve  the  purpose  by 
using  with  it  a  pair  of  triangles  placed  as  in  drawing 
parallels.  I  have  found  the  latter  arrangement  'o  be 
satisfactory. 

After  the  drawing  is  oriented,  the  order  in  which  the 
scales  are  used  is  as  follows:  The  T-square  being  placed 
at  the  proper  value  of  .1/,  the  indicated  number  on  the 
scale  E  is  read  off.  This  need  not  be  recorded,  but  may 
be  held  in  mind.  We  shall  call  it  (B.  The  T-square  is 
now  moved  to  the  value  fl*.  on  the   scales  E,  and  E^  in 

X 

turn,  and  the  values  -  and  V  read  off. 

a 

Care  must  be  exerci.scd  in  two  respects.     It  must  be 

borne  in  mind  that  the  numbers  between  the  £,-  and 

y-scales  are  values   of   v;    those  outside,  values  of  E,. 

It  must  be  remembered   that  when  the  heavily   lined 

r 
scale  is  used  for  E^  oi   £■„  the  heavilv  lined  scale  for   - 

a 

or  V  must  be  read,  and  not  the  light  lined  scaled.  The 
first  of  these  injunctions  is  no  more  troublesome  than 
the  meclianical  distinction  between  tangent  and  co- 
tangent columns  in  a  table  of  trigonometric  functions. 
The  second  is  unnecessary  if  the  lighter  scales  are  inked 
in  in  red  as  advised  above. 

Where  the  number  <&  occurs  at  two  points  of  E^,  as 
for  instance  ffi  =  90°,  either  point  may  be  used. 

The  accuracy  of  the  drawing  is  shown  by  the  following 
set  of  values,  which  were  the  first  read  from  the  original 
of  the  accompanying  plate.  The  table  shows  the  com- 
plete list  of  results  taken  at  this  time,  none  having  been 
omitted  or  altered.  As  the  values  of  e  differ  from  entry 
to  entry,  orientation  of  the  drawing  was  not  advisable, 
and  the  construction  of  parallels  was  carried  out  by 
the  shifting  of  a  straight<Hlge  and  a  single  small  triangle. 
This  process  is  much  more  uncertain  than  the  shifting 
of  a  T-square,  so  that  the  table  may  be  thought  of  as 
constructed  under  relatively  unfavorable  circumstances. 


e 

M 

E 

AE 

r 
a 

r 

^7. 

V 

Av 

0.403 

110°  30' 

119°.3 

-|-0°.4 

1 .095 

-f  0.003 

128°.5 

-|-0°.5 

0.371 

19   22 

29  .9 

-1-0.1 

0.678 

0.000 

12  .9 

-f-0  .3 

0.371 

21    30 

33  .1 

0  .0 

0.685 

-l-U.OOl 

17  .7 

-0  .3 

0.371 

23   38 

36  .0 

+  0  .2 

0.()!)5 

-t- 0.005 

51  .1 

-1-0  .4 

0.371 

2.-)    4() 

39  .1 

+  0  .1 

0.707 

-1-0.005 

55  .2 

-t-0  .3 

0.62 

I'.ll  .1 

184  .4 

-0  .2 

0.62 

59  .1 

131  .5 

-1-0  .2 

UniversUy  of  H'isconsin,  February,  1910. 


N°-  690 


THE    ASTRONOMICAL    JOURNAL 


147 


PHOTOGRAPHIC   POSITIONS  OF  COMET  /  1913  {delavan), 

By  WILLIAM  O.  BEAL. 


The  plates  from  which  these  positions  have  been  ob- 
tained were  taken  with  the  103^-inch  equatorial  of  the 
University  of  Minnesota.  The  exposure  times  varied 
trom  five  to  twelve  minutes.  The  scale  of  the  plates  is 
2  ram  =  Y  -pjjg  measurements  were  made  with  the 
Repsoid  measuring  machine,  and  the  star  places  were 


taken  from  the  A.  G.  Zones, 
designations  are  used: 


In  the  table  the  following 


B  =  William  O.  Beal, 
F  =  G.  Lee  Fleming, 
K  =  Bessie  L.  Kirk, 
W  =  Hugh  B.  Wilcox. 


Minneapolis  M.T. 
1914 

a  1914.0 

d  1914.0 

logpJ 

No.  of 
Exposures 

No.  of 
Comp. 

Stars 

Computer 

Photo, 
by 

a 

S 

d     h       m       t 

li          ni       s 

O            '              If 

1 

Feb.   27  7  56  25 

2  41  55.89 

3  25  17.6 

9.537 

0.776 

2 

4 

B 

B 

2 

Mar.    3  7  48  49 

2  43  17.85 

4     9     7.4 

9.545 

0.773 

2 

4 

B 

B 

3 

Mar.    8  7  25  24 

2  45  18.87 

5     4  15.9 

9.539 

0.768 

2 

3 

B 

B 

4 

Mar.  11  7  28  46 

2  46  41.69 

5  37  42.3 

9.556 

0.767 

4 

5 

B 

B 

5 

Mar.  12  7  32  58 

2  47  10.53 

5  48  54.7 

9..564 

0.767 

4 

6 

B 

B 

6 

Mar.  15  7  34  19 

2  48  42.50 

6  22  33.0 

9..576 

0.767 

3 

6 

B 

B 

7 

Mar.  19  7  47  40 

2  50  55.76 

7     7  46.3 

9.598 

0.770 

4 

6 

B 

B 

8 

Mar.  23  7  47  40 

2  53  20.28 

7  53  11.8 

9.606 

0.771 

2 

5 

K 

B  and  F 

9 

Sept.  24  7  41   11 

11   11  24.02 

47  42    9.9 

9.672 

0.855 

1 

4 

B 

Band  W 

Minneapolis,  Minn.,  January  22,  1916. 


OBSERVATIONS    OF    ASTEROIDS, 

MADE    .\T   THE    U.    S.    NAVAL   OBSERVATORY    WITH   THE    PHOTOGRAPHIC   TELB.SCaPE, 

By  GEORGE   H.  PETERS. 
[Communicated  by  Captain  J.  A.  Hoogewerff,  U.  S.  Navy,  Superintendent.] 


Name 

Mag. 

Date  191.5 

G.  M. 

T. 

a  1915.0 

,  1915.0 

(230)  Athamantis 

10.1 

July    14 

IS''  23'°.2 

22h    1^27^.0 

+3°  26'  19" 

(230)  Athamantis 

10.1 

July    18 

18  39 

.0 

21   59    49  .7 

+3  40  48 

(420)  Beriholda 

12.4 

Sept.    8 

17  32 

.0 

23    11    25.5 

+4  35  00 

(69)  Hesperia 

11.0 

Sept.  10 

16  07 

.1 

23     6    33.8 

-1    15  33 

New 

12.5 

Sept.  10 

17  47 

.0 

23   42    03  .0 

+7  34  47 

(403)  Cyane 

12.5 

Sept.  12 

14  55 

.0 

22  00    15.6 

+  2   00  00 

(420)  Bertholda 

12.4 

Sept.  12 

16  22 

.0 

23     8    46.8 

+4    17  08 

New 

12.5 

Sept.  12 

17  38 

.0 

23  40    15.1 

+  7   34  35 

(69)  Hesperia 

11.0 

Sept.  13 

15   14 

.0 

23     4    26.0 

-1   35  35 

(420)  Bertholda 

12.4 

Sept.  13 

16  34 

.5 

23     8    06 .3 

+4   12  24 

(469)  Argentina 

13.5 

Sept.  15 

16  40 

.2 

23  44    28.2 

+4  49  43 

(124)  Alkeste 

10.5 

Sept.  15 

18   15 

.0 

0  53    03.7 

+5   50  03 

(239)  Adrastea 

13.0 

Sept.  15 

18   15 

.0 

0  58    46.6 

+  5  27  32 

(167)   Urda 

13.0 

Sept.  15 

18   15 

.0 

0   59    29.2 

+  5     3  34 

(787)  [1914  U  Q] 

12.4 

Sept.  15 

18    15 

.0 

1     6    10.6 

+5  37  02 

(469)  Argentina 

13.5 

Sept.  16 

16  45 

.0 

23  43    42.5 

+4  47  05 

(124)  Alkeste 

10.5 

Sept.  16 

18  47 

.0 

0  52    21.1 

+5  44  26 

(239)  Adrastea 

13.0 

Sept.  16 

18  47 

.0 

0  58    18.4 

+5  20  40 

(167)   Urda 

13.0 

Sept.  16 

18  47 

.0 

0  58    50.4 

+4  58  38 
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Observations  of  Asteroids     (Continued) 


Name 

Mag. 

Date  1915 

G.  M.  T. 

a  1915.0 

d  1915.0 

(787)  [1914  U  Q] 

12.4 

Sept.  16 

IS''  47'°.0 

Ih   5"- 37^0 

+5°  25'  09" 

(377)  Campania 

11.1 

Oct.      9 

15   54  .0 

0  29    48.1 

+6  59  59 

(57)  Mnemosyne 

10.1 

Oct.     9 

15   54  .0 

0  30    26  .6 

+6   56  38 

(518)  Halaive 

12.7 

Oct.     9 

16  45  .2 

0  50    42.3 

+  7   .33  18 

(377)  Campania 

11.1 

Oct.    10 

15  05  .0 

0   29    04  .4 

+  6  .52  06 

(57)  Mnemosyne 

10.1 

Oct.    10 

15   05  .0 

0   29    49.6 

+  6  47  05 

(377)  Campania 

11.1 

Oct.    11 

13    15  .3 

0   28    23.0 

+6  44  36 

(57)  Mnemosyne 

10.1 

Oct.    11 

13    15  .3 

0   29    14.5 

+  6  37  .59 

(518)  HaZau-e 

12.7 

Oct.    12 

14   21  .8 

0   48    29.6 

+  7     4  52 

(184)  Dejopeja 

12.7 

Oct.    12 

16  24  .3 

1    07    23.2 

+8   25  05 

(377)  Campania 

11.1 

Oct.    25 

13   09  .1 

0   19    17.7 

+4   56  48 

(184)  Dejopeja 

12.7 

Oct.    27 

15  30  .0 

0  56    49.1 

+7   21   33 

In  the  above  list  have  been  incorporated  the  correc- 
tions kindly  furnished  by  Professor  Cohn,  Director  of 
the  Royal  Astronomical  Computing  Bureau  of  Berlin. 
Several  designations  were  changed  by  him,  and  those 
that  were  in  doubt  were  identified.     One  asteroid  is  new. 


Asteroid  observations  are  taken  at  the  Naval  Observ- 
atory in  the  following  zones: 

March,  April,  September,  October  -|-  4°  to  -|-  8°; 
May  to  August,  inclusive,  +  0°  to  +  4°; 

November  to  February,  inclusive,    + 12°  to  + 16°. 


A    NEW   VARIABLE    STAR, 

1855.0       a    17''  O""  50^7       8  +  17°  22'.0 
1900.0  17    2     .50.  4  -|-  17    18  .2 

By  E.  E.  BARN.A.RD. 


I  have  found  a  new  variable  star  on  my  photographs 
with  the  Bruce  telescope  of  this  observatory.  Its  posi- 
tion  with    reference    to    BD  +  17°.3168    (9.3)    on    1916 

March  18  was 

Position  Angle       26°. 9 

Distance  248".8 

from  which  the  above  position  was  determined.     Visually 

Yerkes  Observatory,  Williams  Bay,  Wisconsin,  1916  March  S7. 


the  star  is  yellow.     It  w.as  bright  (about  9J^  magnitude) 
on  1916  March  6,  and  faint  on  1911  May  24. 

Prof.  E.  C.  Pickering  kindly  informs  me  that  the 
variable  is  new.  It  is  shown  on  a  number  of  H.  C.  0. 
plates  where  it  ranges  from  10.1  magnitude  to  perhaps 
less  than  15th  magnitude.  This  data  will  be  very  valua- 
ble for  the  determination  of  its  period  and  light  curve. 


CONTENTS. 

Graphical  Solution  of  thk  Position  of  a  Body  in  an  Elliptk;  Okbit,  by  Thornton  C.  Fky. 
Photographic  Po.sitions  of  Comet/  I91d  iOclaran),  by  Willia.\i  O.  Beal. 
Observations  of  Asteroids,  by  George  H.  Peters. 
\  New  Variable  Star,  by  E.  E.  Barnard. 
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SYSTEMATIC    MOTION    OF    THE    5-TYPE    STARS, 

By  benjamin   BOSS. 


There  has  been  such  a  variety  of  opinion  on  the  sub- 
ject of  the  systematic  motions  of  type  B  stars,  that  it 
is  eminently  desirable  to  bring  to  bear  every  method  of 
attack. 

As  all  the  data  necessary  for  a  definitive  solution  of 
the  problem  are  not  available  recourse  must  be  had  to 
statistical  methods  in  which  one  or  more  assumptions  are 
made. 

In  the  present  treatment  of  the  subject  it  is  assumed 
that  the  mean  of  the  proper-motions  in  any  limiteil  sky 
area  will  furnish  a  better  center  of  motion  from  which  to 
determine  systematic  tendencies  of  motion,  than  a  center 
of  motion  based  for  instance  on  an  attempt  to  free  the 
results  from  the  effect  of  solar  motion.  To  illustrate  the 
point,  let  us  assume  the  true  projected  velocity  figure  to 
be  represented  by  an  ellipse.  If  the  limited  data  in  a 
restricted  area  represented  motions  on  one  side  of  the 
major  axis  of  the  ellipse  only,  then  manifestly  the  adop- 
tion of  the  true  center,  in  this  case  the  center  of  the 
ellipse,  would  yield  results  considerably  at  variance  with 
the  facts,  whereas  a  center  of  motion  determined  solely 
by  the  actual  proper-motions  would  closely  reproduce 
the  true  preferences  of  motion.  This  method  would  also 
take  account  of  the  varying  mean  parallax  for  the  stars 
in  different  regions. 

The  objection  might  be  raised  that  the  removal  of  the 
mean  motion  from  the  individual  motions  in  a  given 
area  would  at  the  same  time  remove  the  group  motion 
sought.  Quantitatively  that  is  true,  but  as  the  aim  in 
the  present  case  is  merely  to  determine  the  direction  of 
preferences  of  motion,  the  removal  of  the  mean  group 
motion  still  leaves  the  question  of  direction  determinate, 
as  the  stellar  motions  will  tend  to  elongate  along  the  line 
of  the  preferential  directions.  This  to  be  sure  is  only 
true  when  the  stars  under  discussion  are  at  varying  dis- 
tances from  the  solar  system,  and  when  their  individual 
motions  vary. 

The  method  would  not  apply  in  the  case  of  such  a 
group  as  the  Taurus  group  where  there  is  a  strict  com- 


munity of  motion.  But  there  is  little  likelihood  that 
such  groups  are  predominant  among  the  B-type  stars  in 
many  regions.  The  close  agreement  of  the  position  of 
the  apex  of  solar  motion  as  derived  from  a  treatment  of 
the  proper-motions  of  type  B  stars,  with  the  position 
derived  from  a  general  solution  including  all  types,  ren- 
ders the  existence  of  a  large  systematic  drift  among  the 
5-type  stars  improbable,  unless  the  drift  is  shared  in 
common  with  stars  of  all  types. 

The  proper- motions  utilized  in  the  present  investigation 
were  taken  from  the  Preliminary  General  Catalogue.  In 
order  to  discuss  these  proper-motions  twelve  irregular 
areas  were  formed,  mainly  based  upon  a  natural  group- 
ing of  the  stars  of  types  B  to  B^  inclusive.  Roughlj' 
speaking  the  areas  are  bounded  as  follows. 

Limits  in  Decl.     No.  Stars 


Area 

] 

jimit 

s  in  R.A. 

1 

22" 

10" 

to     P    0 

2 

2 

50 

to    4   30 

3 

4 

50 

to    6  30 

4 

4 

20 

to    6   30 

5 

5 

30 

to    8     0 

6 

7 

40 

to  10     0 

7 

10 

20 

to  13   20 

8 

13 

30 

to  15   30 

9 

15 

30 

to  17  30 

10 

17 

30 

to  20     0 

11 

18 

0 

to  20   30 

12 

20 

30 

to  22    10 

+35° 

to  +6.5° 

22 

+30 

to  +55 

21 

+  5 

to  +35 

24 

-15 

to  +10 

48 

-15 

to  -40 

62 

-40 

to  -70 

54 

-45 

to  -75 

38 

-30 

to  -65 

42 

-15 

to  -50 

40 

-10 

to  -50 

21 

+  15 

to  +55 

25 

+35 

to  +70 

22 

The  proper-motions  in  right  ascension  and  declination 
of  the  stars  in  these  groups  were  assembled  and  straight 
means  taken.  These  means  were  then  subtracted  from 
the  individual  proper-motions.  The  resulting  motions 
were  converted  into  polar  coordinates  and  arranged  in 
order  of  position-angle  from  the  north  pole.  Preference 
of  motion  should  now  become  manifest  by  concentrations 
of  proper-motions,  or  by  increase  in  the  size  of  the  mo- 
tions at  certain  position-angles.     The  more  stars  in  the 
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area  the  greater  the  determination  of  the  preferential 
motion,  but  as  we  have  to  deal  with  a  restricted  number 
of  stars  per  area  it  is  necessary  to  take  overlapping  means 
in  order  to  secure  a  smooth  representation  of  the  velocity 
figure.  Thus  the  sums  of  the  proper-motions  between 
the  position-angles  0°  — 30°,  10°  — 40°,  etc.,  were  formed, 
and  the  mean  position-angle  for  each  group  taken.  With 
the  sums  as  ordinates  and  the  position-angles  as  ab- 
scissae smooth  curves  were  drawn  to  represent  the  ob- 
servations, as  shown  in  Fig.  1.  The  heavier  the  dot  the 
greater  the  weight  of  the  plotted  point.  The  curves 
were  drawn  entirely  mechanically;  that  is  to  say  they 
were  made  to  represent  the  plotted  points  as  nearly  as 
possible,  without  foreknowledge  of  the  results  they 
would  lead  to,  and  have  not  been  revised.  While  all  the 
curves  are  made  up  of  more  than  one  maximum,  the 
maxima  are  not  all  independent,  for  a  maximum  located 
180°  from  another  merely  indicates  that  the  preferential 
motion  extends  in  two  opposite  directions.  Thus  in 
curves  1,  2,  4,  6,  7,  11,  and  12  there  are  one  or  more 
dependent  maxima.  In  other  cases  a  comparatively 
slight  shift  in  the  position  of  the  adopted  center  of  motion 
would  convert  seemingly  independent  maxima  into 
dependent  maxima. 

Therefore  in  order  to  secure  a  greater  degree  of  accuracy 
in  locating  the  maxima,  and  as  a  means  of  smoothing  out 
slight  discrepancies  in  their  positions,  the  position-angles 
in  diametrically  opposite  directions  were  combined, 
resulting  in  Fig.  2  which  is  constructed  in  the  same  man- 
ner as  Fig.  1.  The  maxima  of  curves  2  and  9  are  evi- 
dently composites  of  two  independent  maxima,  but  no 
attempt  has  been  made  to  separate  them.  The  material 
from  which  curves  5  and  10  are  constructed  is  so  unevenly 
distributed  that  a  change  in  the  method  of  grouping 
according  to  position-angle  would  entirelj-   change  the 


nature  of  the  curve  with  the  exception  of  the  last  maximum 
of  curve  5,  and  the  first  maximum  of  curve  10,  which 
are  real.  Considered  as  a  whole  the  observed  data  are 
very  well  represented  by  the  curves. 

Fig.  3  represents  the  re.sults  graphically.  The  sky  is 
laid  out  on  the  flat.  Each  cross  represents  the  position 
of  the  center  of  an  area,  and  from  it  great  circles  are 
drawTi  in  the  directions  derived  from  the  maxima  of 
the  curves  of  Fig.  2.  The  dots  outline  the  path  of  the 
galactic  equator.  An  inspection  of  the  diagram  yields 
the  following  results. 

1.  There  is  a  strong  tendency  on  the  part  of  the  B- 
type  stars  to  preserve  the  plane  of  their  present  distribu- 
tion. 

2.  The  data  are  not  sufficiently  accurate  to  determine 
the  character  of  the  motion  in  this  plane. 

3.  There  are  also  strong  tendencies  of  motion  among 
the  7?-type  stars  directed  outside  of  the  plane  of  their 
distribution,  but  there  is  apparently  nothing  of  a  sys- 
tematic character  in  these  tendencies  of  motion. 

4.  In  .some  regions  the  group  motion  tlirected  outside 
the  plane  of  the  fi-type  stars  is  stronger  than  the  motion 
in  the  plane. 

Thus  it  would  seem  that  the  tendency  toward  random 
motion,  which  becomes  increasingly  manifest  with  pro- 
gression in  tjTJe,  is  present  in  the  B-typ(>  stars.  But  as 
the  strongest  tendenc.v  of  motion  among  the  B-type 
stars  is  directed  in  the  plane  of  their  distribution,  the 
plane  must  in  large  measure  be  preserved  in  the  follow- 
ing stage  in  evolution,  a  marked  feature  in  the  distribu- 
tion of  the  .4 -type  stars. 

The  same  general  method  will  subsequently  be  applied 
to  other  types,  though  considerable  modifications  will  be 
necessitated  because  of  the  undue  influence  exerted  by 
large  proper-motions. 


THE    SUN'S   MEAN    LONGITUDE, 

By  frank  E.  ROSS. 


In  Astronomical  Constants,  pp.  30-32,  Np:wr()MB  gives  1 
the  correction  5/"  to  the  Sun's  mean  longitude  from 
1753  to  1892,  compared  with  Levp^rrier's  Tables  of  the 
Sun.  No  direct  comparison  with  Newcomb's  tables 
for  this  period  has  been  made,  so  far  as  the  writer  is 
aware. 

Examination  of  the  observed  pha.'^e  times  of  the  annular 
eclipse  of  the  Sun  of  April  10-17,  1912,  taken  in  con- 
nection with  the  correction  to  the  Moon's  mean  longituile 
indicated  by  occult  at  ions,  convinced  the  writer  that 
the  Sun's  mean  longitude  given  by  Newcomb's  tables 
must  be  sensibly  in  error  at  this  epoch.     Reference  to 


the  Greenwich  observations  of  the  Sun  during  the  years 
1901  to  1910  strengthened  this  conviction,  a  tolerable 
agrtnnnent  between  the  direct  observations  and  results 
from  the  eclipse  being  found.  .\  correction  to  the  Sun's 
mean  longitude  was  accortlingly  incorporated  in  the 
prediction  for  the  phase  times  for  the  total  eclipse  of  the 
Sun  of  .\ugust  14,  1914  {Astronomical  Journal.  Xo.  007). 
It  is  highly  desirable  to  compare  with  Newcomb's 
tables  all  the  observations  of  the  Sun  from  Hh.\I)Lev's 
to  the  present  time.  Fortiu\ately  the  revision  of  the 
Tables  of  Mars  just  completed  by  the  writer  h;is  made 
such  comparison   not   a   difficult    undertaking.     In   that 
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revision  it  was  necessary  to  compute  from  Newcomb's 
tables  the  Sun's  longitude  for  394  scattering  dates  in 
the  interval  1751  to  1899.  A  manuscript  ephemeris  of 
the  Sun  for  each  day  from  1751  to  1865,  computed  from 
Leverrier's  tables,  is  in  the  archives  of  the  American 
Ephemeris.  Comparison  of  these  two  sets  of  positions 
gives  the  difference  Newcomb  minus  Leverrier,  or 
N  —  L,  for  a  sufficient  number  of  dates  to  eliminate  the 
short  period  differences,  due  principally  to  differences  in 


eccentricity  and  perigee,  and  to  furnish  good  values  of 
the  actual  differences  between  Newcomb  and  Leverrier 
in  mean  longitude. 

With  the  differences  found  in  this  way,  the  mean 
differences  N~L  for  the  epochs  adopted  by  Newcomb, 
given  in  the  talile  which  follows,  are  obtained.  The 
periods,  and  correction  to  Leverrier's,  c,  are  taken 
from  Astronomical  Co7istants,  pp.  22-24. 


Correction  to  the  Sun's  Mean  Longitude  from  Newcomb's  Tables  1750  —  1892 


Period 

c 

N  -L 

0-N 

Period 

c 

N  -L 

0-N 

Period 

c 

N  -L 

0-N 

Greenwic 

h:  — 

Paris:  — 

Konigsburg:  — 

1750—62 

+  o"33 

+  o'.'go 

-0.63 

1801—07 

-1.78 

+  (0J) 

-2.5 

1816—23      +0.30 

+0.67 

-0.37 

65—71 

+  0.37 

+  0.65 

-0.28 

08—15 

-0.65 

+  0.52 

-1.17 

24—30      +0.02 

+0.45 

-0.43 

72—78 

+0.74 

+  1.09 

-0.35 

16—22 

+  0.18 

+  0.67 

-0.49 

31—38      +0.23 

+0.13 

+0.10 

79—85 

+  2.89 

+  (1.0) 

+  1.94 

23—29 

+  0.01 

+  0.45 

-0.44 

39—45  i  +0.77 

+0.42 

+0.35 

86—92 

+  1.51 

+  0.82 

+0.69 

37—44 

+  0.33 

+  0.46 

-0.13 

93—97 

+  1.87 

+  0.74 

+  1.13 

45—52 

+  0.10 

-  0.07 

+  0.17 

Oxford:  — 

98—02 

+  1.02 

+  (0.7) 

+0.3 

53—59 

+0.66 

+  0.22 

+0.44 

1840—49 

+  2.49 

+0.10 

+2.39 

1803—06 

+0.27 

+  (0.7) 

-0.4 

60—65 

+0.38 

-  0.21 

+0.59 

60—68 

+  1.96 

-0.20 

+2.16 

07—10 

-0.34 

+  (0.7) 

-1.0 

66—70 

+2.29 

-  0.13 

+  2.42* 

69—76 

+0.92 

-0.03 

+0.95 

11—14 

-3.33 

+  0.65 

-3.98* 

71—79 

-0.26 

-  0.20 

-0.06 

80—87 

-0.31 

-0.16 

-0.15 

15—18 

-1.99 

+  0.20 

-2.19 

80—89 

+0.44 

-  0.16 

+  0.60 

19—22 

-0.51 

+  0.87 

-1.38 

Pulkowa :  — 

23—26 

-1.08 

+  0.83 

-1.91 

Palermo :  — 

1842—50 

+  1.20 

+0.05 

+  1.15 

27—30 

-0.42 

+  0.35 

-0.77 

1791—96 

-0.07 

+  0.79 

-0.86* 

61—70 

-0.40 

-0.20 

-0.20 

31—34 

+  0.76 

+  0.12 

+  0.64 

97—01 

-2.33 

+  (0.7) 

-3.0* 

35—38 

+  1.16 

+  0.14 

+  1.02 

1802—05 

-3.U 

+  (0.7) 

-3.8* 

Dorpat :  — 

39—42 

+  0.84 

+  0.57 

+0.27 

06—12 

+5.92 

+  (0.7) 

+  5.2* 

1823—30 

+0.36 

+  0.45 

-0.09 

43—46 

+0.15 

+  0.31 

-0.16 

31—38 

+0.45 

+0.13 

+0.32 

47—50 

-0.10 

-  0.20 

+  0.10 

Cambritlge :  — 

51—54 

+  0.40 

+  0.11 

+0.29 

1828—34 

-0.13 

+  0.21 

-0.34 

Cape  of  Good  Hope :  — 

55—58 

+0.36 

+  0.28 

+  0.08 

35—40 

-0.18 

+  0.22 

-0.40 

1884—90  1   -0.36 

-0.10 

-0.26 

59—62 

-0.02 

-  0.19 

+0.17 

42—47 

-0.21 

+  0.07 

-0.14 

63—66 

+0.31 

-  0.17 

+0.48 

50—58 

-0.11 

+  0.25 

-0.36 

Strassburg:  — 

67—70 

+  0.35 

-  0.10 

+0.45 

1883—88  j   -1.65 

-0.07 

-1.58 

71—74 

+0.12 

+  0.06 

+0.06 

Washington :  — ' 

75—78 

-0.12 

-  0.21 

+0.09 

1846—52 

-0.85 

-  0.11 

-0.74 

79—82 

-0.05 

-  0.40 

+0.35 

01—65 

-0.53 

-  0.26 

-0.27 

83—88 

-0.20 

-  0.07 

-0.13 

66—73 

-0.22 

-  0.05 

-0.17 

89—92 

-0.44 

-  0.29 

-0.15 

74—81 
82—91 

-0.45 
-0.79 

-  0.38 

-  0.06 

-0.07 
-0.73 

*Rejected  in  subsequent  computations. 


Values  of  N  —  Lin  parentheses  are  interpolated. 


Greenwich  Observatio7is,  1893-1912.  These  have  been 
taken  from  the  annual  volumes.  The  mean  yearly 
values  of  the  error  of  right  ascension,  0  —  L,  have  been 
formed,  and  collected  in  the  following  table.     The  third 


column  contains  the  corrections  for  equinox;  the  fourth, 
the  reduction  from  Leverrier's  to  Newcomb's  Tables 
of  the  Sun. 
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DL\GR.^.M    I 

Corrections  O  —  C  to  Newcomb's  Longitude  of  the  Sun  from  Observations 
AT  Greenwich,  P.\ris  .\nd  Washington 

Heary  line  —  Greenwich  observations.  Liyhl  lint:  —  Paris  observations. 

Broken  line  —  Washington  observations. 


IMKI  10 


30  40  SO  (»  70  M  OO  WOO  10 


Yeai 


1893 
94 
95 
96 
97 
98 
99 

1900 
01 
02 
03 
04 
05 
06 
07 
08 
09 
10 
11 
12 


0-L 
Mean 


-'.092 

-  .116 

-  .107 

-  .105 

-  .111 

-  .Ill 

-  .114 

-  .100 

-  .055 

-  .053 

-  .011 
+  .021 
+  .015 
+  .020 
+  .028 
+  .008 
+  .046 
+  .054 
+  .064 
+  .070 


Sj'st.  Cor. 


N 


O  -  N 


+  ^0.54 
+  .0.54 
+  .054 
+  .0.54 
+  .054 
+  .0.54 
+  .054 
+  .054 
+  .054 
+  .054 


+  ».032 
+  .034 
+  .034 
+  .033 
+  .033 
+  .033 
+  .033 
+  .033 


-'.006 

-  .028 

-  .019 

-  .018 

-  .024 

-  .024 

-  .027 

-  .013 

-  .001 
+  .001 

-  .011 
+  .021 
+  .015 
+  .020 
+  .028 
+  .068 
+  .046 
+  .054 
+  .064 
+  .070 


Paris  Observations,  1890-1906.  These  have  been  treated 
in  a  similar  manner,  with  results  which  are  shown  in  the 
following  table.  The  systematic  correction  given  has 
been  obtained  by  comparing  186  equatorial  clock  stars 
with  Newcomb's  places  for  the  epoch  1898.0. 


Year 

0-L 
Mean 

Syst   ( 'or. 

L-N 

0-  V 

1S90 
91 
92 

-h-.005 

-  .014 

-  .009 

+  '.038 
+  .038 
+  .038 

+  ".012 
+  .020 
+  .028 

+  '.055 
+  .044 
+  .057 

Year 

0-L 
Mean 

Syst.  Cor. 

L-N 

O-.V 

1893 

-^011 

+^038 

+'.032 

+^059 

1897 

-  .063 

+  .038 

+  .033 

+  .008 

98 

-  .040 

+  .038 

+  .033 

+  .031 

99 

-  .023 

+  .035 

+  .012 

1900 

+  .006 

+  .037 

+  .043 

01 

-  .003 

+  .027 

+  .024 

02 

+  .021 

+  .027 

+  .048 

03 

+  .018 

+  .037 

+  .055 

04 

-  .017 

+  .032 

+  .015 

05 

+  .026 

+  .033 

+  .059 

06 

+  .058 

+  .035 

+  .093 

10 

+  .09* 

*Extrapolated,  to  be  used  in  combination  curve. 

Washington  Observations.  For  1894  to  1899,  the 
ephemeris  of  (•oni])arison  C,  is  based  on  Hansen's  Tables 
of  the  Sun. 


Yein-            U  -  C 

Syst.  Cor. 

C-.V 

0  -  .V 

1894-5 
1896 
97 
98 
99 
1900 
01 
02 
03 
04 
05 

-'.098 

-  .014 

-  .016 

-  .012 

-  .030 

-  .0.52 

-  .017 

-  .036 

-  .032 

-  .004 

-  .032 

-'.028 
-  .028 

-».027 

-  .029 

-  .039 

-  .022 

-  .034 

-•.125 

-  .043 

-  .055 

-  .034 

-  .064 

-  .052 

-  .017 

-  .036 

-  .032 

-  .032 

-  .0«J0 
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Year 

0-C 

Syst.  Cor. 

C-N 

0  -N 

1906 

+^009 

-^028 

-'.019 

07 

-  .011 

-  .028 

-  .039 

08 

+  .012 

-  .028 

-  .016 

09 

+  .031 

-  .028 

+  .003 

10 

+  .015 

-  .028 

-  .013 

11 

+  .006 

-  .028 

-  .022 

Diagram  1  shows  the  correction  to  the  mean  longitude 
of  the  Sun  from  New  comb's  tables,  given  by  the  Green- 
wich,   Paris,    and    Washington    oliservations    separately. 


These  three  observatories  were  chosen  for  this  compari- 
son, on  account  of  the  long  series  of  observations  ob- 
tained by  them.  The  sj-stematic  differences  in  the 
results  are  well  marked  in  the  diagram.  It  will  be  no- 
ticed that  the  Washington  curve  lies  entirely  below  the 
Greenwich  and  Paris  curves.  We  conclude  that  the 
Washington  observations  of  the  Sun  for  60  years  have 
given  a  result  0^05  less  in  right  ascension  than  (Jreen- 
wich,  and  O'.OB  less  than  Paris  for  the  same  period.  On 
account  of  the  great  number  of  observers  which  must 
have  taken  part  in  the  observations  over  such  an  ex- 
tended iieriod,  it  is  inconceivable  that  this  is  a  result  of 


DIAGRAM   II 

Fluctuations  in  the  Mean  Longitude  of  the  Earth  and  the  Moon 
Heavy  line  —  Sun's  longitude  from  all  ob.servations.     Circles  —  \foo»'s  minor  residuals,  multiplied  by  one-fifth  for  purpose  of  comparison. 
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.»)  40 


90  1900 


DIAGRAM   III 

Fluctuations  in  the  Mean  Longitude  of  the  Earth  and  Mars 
Heavy  line  —  Sun's  longitude  from  new  elements  of  Mars.  Liglil  line  —  Mars'  longitude  from  new  elements  of  Mars. 


DIAGRAM    IV 

Residuals  in  the  Sun's  Longitude  after  Applying  a  Secular  Acceleration  of  3"..t 
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personal  equation.  It  must  accordingly  be  considered 
as  of  instrumental  or  housing  origin,  or  as  a  local  sys- 
tematic rcfracti(jn. 

The  acceleration  of  the  Sun  in  longitude,  which  began 
about  1988  is  well  shown  by  all  three  series.  It  is 
undoubtedly  real.  As  to  the  fluctuations  shown  earlier, 
the  evidence  is  not  so  conclusive. 

In  Diagram  2,  results  from  all  the  observatories,  col- 
lected in  the  preceding  tables,  have  been  combined  into 
one  curve,  sho^vn  as  a  lieavy  continuous  line.  The  minor 
residuals  in  the  Moon'.'i  longitude,  reduced  to  one-fifth. 
shown  as  a  series  of  circles,  are, also  given  for  comparison. 
The  correlation  between  the  deviations  of  Sun  and  Moon 
is  well  marked  since  1830.  From  1750  to  1830,  no  con- 
nection whatever  is  founil.  Xewcomb's  reduction  of  the 
occultations  of  the  Mooii  show  only  small  and  unimpor- 
tant fluctuations  in  the  Moon's  longitude  tluring  this 
period,  as  the  diagram  indicates,  while  the  aj^parent 
fluctuations  in  the  Suns  longitude  are  large.  That  they 
are  due  entirely  to  changes  in  the  Earth's  rotation  is 
thus  open  to  question. 

To  obtain  additional  data  on  the  subject  of  fluctua- 
tions, the  corrections  to  Newcomb's  longitude  of  the 
Sun,  hL,  and  the  longitude  of  Mars,  dl,  given  in  Investi- 
gations on  the  Orbit  of  Mars,  A. J.,  No.  692,  page  161,  are 
plotted  in  diagram  No.  3  which  is  appended.  The  major 
fluctuation  of  the  Sun  from  about  1760  to  1830,  siiown 
in  Diagram  2  is  corroborated.  In  view  of  tlie  entirely 
independent  character  of  the  determinations  lying  at 
the  base  of  the  curves  in  the  two  diagrams,  it  can  hardly 
be  doubted  that  this  is  a  real  fluctuation,  and  not  a 
result  of  errors  of  ob.servation.  That  the  Sun  is  now 
accelerating  its  motion  is  also  well  established  from  the 
two  curves. 

If  it  shouUl  be  estat)lisheil  that  minor  resitluals  in  the 
Moon's  longitude  have  a  counterpart  in  the  Sun's  longi- 
tude, the  question  arises,  is  there  also  a  counterpart  in 
the  Sun's  longitude  for  the  long  jx-riod  emi)irical  term 
in  the  Moon's  longitude?  Positive  aflirmation  or  denial 
of  this  imi)ortaut  ([ucstion  is  not  now  possible.  It  is 
unfortunately  entangle(l  with  the  minor  fluctuations 
just  consiiiered,  and  the  .secular  acceleration  of  the  Sun's 
mean  longitude. 


Secular  acceleration  of  the  Sun's  mean  longitude.  Cow- 
ell  (M.  N.,  Vol.  06)  and  Fotheringh.wi  (M.  N.,  Vol.  75) 
have  independently  from  ancient  eclipses  and  occulta- 
tions respectively  concluded  that  there  is  a  secular  acceler- 
ation in  the  Sun's  longitude.  Their  values  are  in  close 
agreement,  being  4".l  anil  3". 2  resix'ctively. 

In  order  to  determine  if  an  acceleration  of  this  order  of 
magnitude  is  consistent  with  modern  observations  of  the 
Sun,  the  residuals  sho\\m  in  Diagram  2  were  corrected 
for  the  mean  of  Cowell's  and  Fotheringham's  accelera- 
tion, —  3". 5  T-.  A  solution  was  then  made  by  least 
squares  for  correction  to  epoch  and  mean  motion  with 
result  — 

Correction  to  Newcomb's  longitude  of  llu'  Sun, 
&l  =  -0".62  +  1".20  T; 
(T  in  centuries  from  1850.0) 

the  total  correction  apj)lie(l  to  Xewcomb  being,  therefore, 
5L  =  -0".62  +  1".20  r  +3".50  T-. 

Applying  8L  to  ths  residuals  in  Diagram  2,  new  residu- 
als were  formed  and  plotted,  as  shown  in  Diagram  4. 
The  representation  is  seen  not  to  be  satisfactory.  Wliile 
not  conclusive,  it  appears  quite  unlikely  that  a  secular 
acceleration  of  the  Sun  now  exists. 

The  residuals  in  Diagram  2  were  solved  on  the  a.ssump- 
tions  that  thej'  are  of  the  form, 

(a)  5L  =  a  +  bT  +  c  T-. 

(b)  bL  =  a  +  bT. 

In  a  solution  of  this  kind,  it  is  very  diflficult  to  assign 
weights,  on  account  of  the  existence  of  fluctuations. 
E(iual  weights  will  h?  given  to  the  equations,  this  assump- 
tion being  probably  the  best  that  can  lie  ina<le.  The 
results  obtained  were 

(a)     &L  =  +()"XM  +0".22  T  -|-0".37  7'^ 
(6)     bL  =  -|-0".08-|-0".ll  7'. 

{T  in  centuries  from  1850.0) 
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INVESTIGATIONS   ON   THE   ORBIT   OF   MARS, 

By  frank  E.  ROSS. 


The  "Tablcft  of  Mnrs"  construoted  by  Professor 
Simon  Newcomb  were  used  in  the  American  Ephenieris 
first  in  1902,  and  in  the  British  Nautical  Almanac  in  1903. 
The  geocentric  positions  of  the  planet  to  which  they  lead 
failed  to  represent  observations  during  the  next  opposi- 
tion, 1902-3,  the  discrepancy  amounting  to  three  seconds 
of  arc  in  right  ascension.  For  the  opposition  of  1905,  the 
difference  increased  to  six  seconds,  with  an  eciual  error 
in  1907. 

A  preliminary  investigation  was  made  to  discover  the 
origin  of  the  apparent  error  in  the  tables.  Heliocentric 
positions  of  Mars  were  computed  from  Newcomb's  tables 
for  each  opposition  date  from  1867  to  1899,  and  rouglily 
compared  with  observation.  The  result  showed  that  the 
eccentricity  of  the  orbit  adopted  by  Newcomb  was  in 
error  nearly  a  second  of  arc,  the  error  of  the  remaining 
elements  being  small.  The  origin  of  this  is  clear.  Lever- 
rier's  Tables  of  Mars  were  adopted  by  Newcomb  as  the 
ephemeris  of  comparison.  In  these  tables  a  small  mass 
of  the  Earth  had  been  used,  but  0.930  of  Newcomb's 
finally  adopted  value.  From  this  circumstance  it  is  not 
difficult  to  show  that  when  elements  of  Mars  are  deter- 
mined from  positions  near  opposition,  which  is  the  case 
in  great  measure,  an  error  is  introduced  into  the  eccen- 
tricity amounting  to  0".67.  In  general,  for  any  assumed 
change  5.1/  in  the  mass  of  the  Earth,  the  eccentricity  of 
the  orbit  of  Mars  should  be  corrected  by  the  amount 


8e  =  9".0 


5J/ 
M 


it  being  assumed  that  the  perturbations  are  changed  to 
conform  to  the  change  in  mass. 

The  secular  variations  of  the  elements  of  Mars  adopted 
by  Newcomb  in  Tables  of  Mars  are  open  to  question. 
With  the  exception  of  the  motion  of  perihelion,  theoreti- 
cal values  were  used  throughout.  For  the  perihelion,  a 
ciuasi-theoretical  value  was  used,  based  upon  an  assump- 
tion of  gravitative  force  not  varying  exactly  as  the  in- 
verse square.     It  is  well  known  that  the  secular  varia- 


tions of  the  orbits  of  the  four  inner  planets  differ  in  some 
cases  from  their  theoretical  values  by  notable  amounts. 
With  the  lapse  of  time  the  differences  become  largs, 
leading  to  serious  error  in  the  predicted  position  of  the 
planets.  There  is  no  reason  why  values  precisely  deter- 
mined from  observation  should  not  be  used  in  preference 
to  theoretical  values  which  from  many  points  of  view  are 
of  doubtful  utility. 

Formally  from  a  series  of  geocentric  positions  of  a 
planet  can  be  derived  the  elements  of  its  orbit  with  their 
secular  variations,  the  elements  of  the  Earth's  orbit  and 
their  secular  variations,  and  the  masses  of  disturbing 
planets.  Such  an  extended  solution  was  made  by  New- 
comb in  the  case  of  Mars,  Venus  and  Mercury  {Astro- 
nomical Constants). 

It  has  not  been  considered  necessary  or  even  desirable 
to  obtain  elements  of  the  Earth's  orbit  in  the  present 
investigation.  Observations  show  that  aside  from  fluctua- 
tions in  the  longitude,  Newcomb's  Tables  of  the  Sun  are 
not  in  need  of  correction.  A  reason  of  greater  weight  for 
excluding  the  solar  elements  is  to  be  found  in  the  correla- 
tion which  exists  between  the  elements  of  the  Earth  and 
Mars,  on  account  of  observations  of  the  planet  having 
been  largely  confined  to  the  neighborhood  of  opposition. 
The  precision  of  the  results  is  in  consequence  seriously 
diminished.  If  use  of  Newcomb's  Tables  of  the  Sun  is 
to  be  continued,  as  undoubtedly  will  be  the  case  for  an 
extended  period,  elements  of  Mars  determined  from  a 
solution  which  includes  corrections  to  the  solar  elements 
would  fail  to  represent  observations. 

The  method  of  obtaining  the  secular  variations  of  the 
elements  of  Mars  used  by  Newcomb  has  not  been  fol- 
lowed in  the  present  investigation.  It  was  deemed 
preferable  to  divide  the  observations  into  periods  and 
solve  each  period  separately  for  the  elements,  assumed 
constant  for  the  period.  The  error  due  to  this  assump- 
tion should  be  inappreciable.  It  has  the  advantage  of 
presenting  at  the  mean  epoch  of  the  groups  the  actual 
values  of  the  elements,  which  can  be  examined  for  any 
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abnormality  or  unusual  feature.  No  assumption  need  be 
made  as  to  the  law  of  variation  of  the  elements,  as  in 
Newcomb's  method  of  procedure.  If  the  variation  is 
other  tlian  linear,  the  fact  can  be  established;  if  there  is 
any  term  of  long  period  in  the  mean  longitude  at  present 
unknown,  within  certain  limits  as  to  magnitude  and 
period,  it  should  likewise  be  disclosed. 

It  is  practicable  and  highh'  desirable  to  olitain  from  the 
investigation  a  value  of  thj  mass  of  the  planet  Venus, 
based  upon  the  periodic  perturbations  it  produces  in 
Mars,  and  in  the  observing  base,  the  Earth.  No  method 
can  lead  to  a  value  of  Venus'  mass  comparable  with  this 
in  accuracy.  Secular  perturbations,  while  cumulative  in 
their  action,  are  hopeless.  It  is  true  that  a  good  value  of 
the  mass  of  Venus  can  be  obtained  from  observations  of 
the  Sun.  The  precision  however  is  considerably  less. 
The  periodic  perturbation  in  the  geocentric  longitude  of 
Mars  due  to  the  action  of  Venus  amounts  at  the  maximum 
to  40";  in  the  Sun,  to  less  than  one-third  of  this.  Ob- 
servations of  Mercury  also  lead  to  a  determination  having 
a  precision  about  equal  to  that  from  Sun  observations. 

Absolute  terms  in  the  equations  of  condition.  The  system 
to  which  the  observations  have  been  reduced  is  New- 
comb's,  both  in  right  ascension  and  declination.  The 
ephemeris  of  comparison  up  to  1902  was  computed  from 
Leverrier's  Tables  of  the  Sun  and  of  Mars.  Reduction 
was  made  to  Newcomb's  Tables  of  the  Sun  and  of  .Mars 
by  computing  from  the  latter  geocentric  positions  of  the 
planet  for  each  opposition  from  1751  to  1901,  at  intervals 
of  approximately  two  months.  In  all,  394  positions  were 
computed  in  duplicate.  These  places  of  the  planet  were 
compared  with  the  ephemeris  in  the  British  N^autical 
Almanac  for  the  j-ears  1866  to  1901.  For  the  years  1751 
to  1865,  comparison  was  made  with  a  manuscript  ephem- 
eris of  Mars,  based  upon  Leverrier's  tables,  which  had 
been  prepared  by  Professor  Newcomb.  Differences 
Newcomb  —  Leverrier  in  both  coordinates  were  thus 
formed.  These  differences  were  plotted  for  each  opposi- 
tion, and  a  smooth  curve  drawn  through  the  points. 
When  the  number  of  points  was  not  sufficient  to  deter- 
mine the  course  of  the  curve  with  suffi(;ient  accuracy, 
additional  positions  were  computed.  From  these  curves 
the  correction  Newcomb  —  Leverrier  was  read  off  for 
the  date  of  each  normal  place. 

Division  into  periods.  For  reasons  already  given,  the 
conditional  equations  were  divided  into  iieriods.  It  was 
at  first  planned  to  begin  each  period  with  the  opposition 
whose  opposition  date  found  the  planet  lieyond  and  near- 
est perihelion.  This  would  make  each  period  about  six- 
teen years  in  extent.  After  forming  the  normal  equations 
for  these  periods,  ten  in  numljer,  it  w;is  discovered  that 
there  was  a  strong  correlation  between  the  coefficients  of 
the  mass  of  V'e/m.s-  and  of  the  eccentricitv  of  the  oriiit  of 


Mars,  in  all  of  these  groups,  which  would  lead  to  weak 
values  for  both  of  these  unknowns.  It  was  noticed,  how- 
ever, that  the  correlation  disapj^eared  when  adjoining 
groups  were  combined  into  one.  The  original  ten  groups 
have  been  accordingly  combined  into  five.  The  limiting 
dates  for  each  period,  the  number  of  observations  and 
equations  of  condition  in  each  coordinate,  are  contained 
in  the  following  table: 


Group 

Period 

Limiting 
Oppositions 

Right  .•Vscension 

Declination 

No.  Obs. 

No.  Eqs. 

No.  Obs. 

No.  Eqs. 

A 

I 

1751—1766 

84 

39 

59 

28 

II 

1768—1781 

33 

20 

30 

18 

B 

III 

1783—1798 

98 

28 

91 

27 

IV 

1800—1813 

138 

47 

135 

45 

C 

V 

1815—1829 

165 

32 

123 

27 

VI 

1830—1846 

1229 

188 

1075 

180 

D 

VII 

1847—1860 

810 

164 

798 

157 

VIII 

1862—1875 

719 

131 

775 

127 

E 

IX 

1877—1892 

787 

142 

788 

141 

X 

1894—1912 

720 

127 

730 

126 

Totals 


4783        918       4604      876 


Weights.  The  weights  assigned  to  the  individual 
observations  in  the  first  solution  of  the  normal  eciuations 
are  Newcomb's.  To  obtain  definitive  weights,  the  values 
of  the  elements  and  their  secular  variations  resulting 
from  the  first  solution  were  substituted  in  the  equations 
of  condition,  and  new  residuals  obtained,  from  which  the 
final  system  of  weights  was  built  up. 

The  results  which  follow  depend  upon  th(>  final  system 
of  weights,  the  results  obtained  from  the  iireliminary 
weights  being  omitted. 

Mass  of  Venus.  A  correction  to  the  a.ssumed  mass  of 
Vemt^  (Newcomb's)  was  obtained  from  each  of  the  five 
groups,  and  the  weighted  mean  value  formed.  The 
result  was  as  follows: 

^  =  -1-0.0112*  ±0.0058  : 

or,  reciprocal  mass  =  403490  ±2400  (p.e.); 

Newcomb    {Astronomical   Constant.'^,    p.    101)    has   ol)- 

tained  a  value  of  the  mass  of  Tchh-s'  from  tiie  periodic 

perturbations  of  the  Sun  and  of  Mercury  which  apparently 

is  more  accurate  than   tlic  \alue  obtaini^d  above.     The 

(S 1/ 
probable  error  which   he   assigns   to     ,.    from    tlie  Sun 

oliservations  is  ±.0034,  and  from  (•i)scrvati(>ns  of  Mer- 
cury ±.0050.  But  in  computing  these  proi)ai)le  errors, 
Newcomb  was  necessarily  restricted   to  the  customary 

•The  maximum  effect  of  thi.s  change  iif  luiiss  amount^i  to  0*.03 
in  tlic  right  susccnsion  and  O'.'J  in  the  ih-eiination  of  .Uiir.«. 
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weight  method,  whereas  it  has  been  computed  here  from 
the  discordance  of  five  independent  vahies.  Using  the 
weight  method  we  obtain  for  the  probable  error  of  the 
above  determination  ±0.0020,  or  but  one-third  the 
vahie  assigned.  The  hirger  vahie  of  the  probable  error 
should,  however,  be  accepted. 


Corrections   to   the   elements.     The   mean   value  of   -^rr 

M 

found  above  is  now  to  be  substituted  in  the  five  sets  of 

normal  equations,  thus  reducing  the  number  of  unknowns 

by  one.     Solution  of  the  reduced  normals  leads  to  the 

following  results: 


Corrections  to  the  Elements  by  Groups 


Group 

Mean 
Epoch 

5e 

Wt. 

5iri 

Wt. 

5r 

Wt, 

57 

Wt. 

sin  ./o.V 

Wt. 

A 

1765.6 

+  0".284 

11 

-4".87 

23 

+  0".532 

18 

-0".296 

5 

+  0"..397 

9 

B 

1798.6 

+0  .338 

29 

-3  .31 

51 

+0  .525 

62 

+  0  .157 

15 

-0  .161 

17 

C 

1836.2 

+0  .186 

62 

-2  .94 

155 

+  0  .507 

129 

-0  .072 

111 

+  0  .103 

121 

D 

1861.7 

+0  .292 

204 

-2  .23 

378 

+  0  .732 

477 

-0  .086 

241 

+  0  .007 

226 

E 

1894.8 

+0  .088 

356 

-1    .46 

732 

+0  .795 

765 

-0  .118 

382 

-0  .033 

454 

The  corrections  to  each  element  in  the  above  table  are 
now  to  he  developed  in  the  form  ^  +  rj  T,  where  T  is  in 
centuries  from  1850.0.     The  results  are  as  follows: 


5i 

=  +0".233 

-0".255  T 

±    .031 

±    .083 

5wi 

=  -2".51 

+2".34    T 

±    .06 

±    .15 

be 

=  +0".665 

+0".299  T 

±    .021 

±    .057 

bJ 

=  -0".075 

-0".097  T 

±    .021 

±    .060 

sin  JbN 

=  +0".038 

-0".160  T 

±    .026 

±    .071 

€  and  TTi  are  measured  from  an  arbitrarily  chosen 
departure  point,  J  and  N  from  the  Earth's  equator. 
Transforming  to  the  ecliptic  and  equinox,  the  corrections 
become : 


6X 

=  +0".241 

-0' 

.290  r 

57r 

=  -2  .50 

+  2 

.30    T 

be 

=  +0  .665 

+0 

.299  T 

bi 

=  -0  .025 

-0 

.183  T 

bd 

=  +2  .48 

-1 

.31    T 

b  log  a 

=  .0000  0000  1 

The  definitive  elements  of  Mars  resulting  from  this 
investigation  are  accordingly  the  following: 

{T  is  in  Julian  centuries  from    1900  Jan.  0,   Or.  M. 
Noon.) 


j\Ieau  longitude: 

I      =  293°  44'  51".46  +  (53  r.  +222  117".33)  T 
+  1".1184  r-; 

Longitude  of  perihelion: 

IT    =  334°  13'  5".53  +6626".73  T  +0".4675  T- 
-0".0043  T^; 

Eccentricity : 

e     =  19247".  168  +18".9895  T  -0".0158  T', 

=  0.0933  1290  +0.0000  92064  T  -0.0000  0007  7  T'; 

Longitude  of  node: 

6     =  48°  47'  11".  19  +2775".57  T  -0".005  T^ 
-0".0192  T^; 

Liclination  to  ecliptic: 

i  =  1°  51'  1".20   -  2".430  T  +  0".04.54  T~  ; 
log  a  =  0.1828  9703  4 

The  following  table  gives  a  comparison  between  obser- 
vation and  theory,  before  and  after  the  correction  of 
Newcomb's  elements  of  Mars  in  accordance  with  the 
results  above,  for  each  opposition  in  which  there  were  at 
least  five  observations  within  a  period  of  a  month. 


Residuals, 

0-C 

0pp. 

Right  Ascension 

Declination 

Newcomb   1      Ross 

No.  Obs. 

Newcomb   |       Ross 

No.  Obs. 

1758 

+0".4     +0".7 

9 

+0".4 

+0".l 

9 

1760 

-1   .1    1+0  .1 

5 

+3  .2 

+2  .5 

5 

1762 

-2  .4    :  -0  .8 

5 

+0  .7 

+0  .1 

5 

1768 

+6  .8   1+1   .2 

14 

+0  .2 

-2  .2 

14 
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Right  Ascension 


Newcomb 


Ross     I  No.  Obs. 


Declination 


Newcomb   I       Ross       |  No.  Ohs. 


792 

- 1".0 

+0".5 

8 

+2' 

.2 

+  1".4 

8 

794 
796 

-1  .6 
-2  .1 

+0  .2 
-1   .2 

15 
23 

0 

.0 

-0  .9 

15 

800 

+3  .9 

-1   .5 

15 

+4 

.6 

+  2  .8 

11 

802 

+2  .6 

-0  .4 

6 

+2 

.5 

+2  .3 

6 

805 

+  1  .2 

+  1   .0 

9 

-1 

.0 

-0  .5 

8 

807 

-1   .6 

-0  .7 

19 

+0 

.1 

-0  .2 

18 

809 

-3  .4 

-1   .3 

9 

+  1 

.4 

+0  .5 

9 

811 

-2  .5 

+0  .1 

11 

+2 

.4 

+  1   .9 

12 

813 

+2  .1 

0  .0 

8 

.  -0 

.1 

-0  .2 

11 

815 

+4  .6 

-0  .2 

10 

+  1 

.1 

-1   .0 

5 

820 

+5  .7 

+4  .3 

5 

+3 

.6 

+3  .8 

5 

822 

+0  .2 

+0  .6 

29 

-0 

.4 

-0  .5 

17 

824 

-2  .7 

-0  .9 

16 

+0 

.6 

-0  .3 

14 

826 

-4  .8 

-2  .4 

20 

+0 

.8 

+0  .1 

10 

828 

-0  .2 

+0  .9 

23 

-0 

.4 

-0  .1 

16 

830 

+4  .9 

+0  .4 

23 

+0 

.7 

-1  .2 

12 

832 

+6  .2 

+  1  .0 

16 

+1 

.0 

-0  .2 

5 

834 

+3  .7 

+0  .8 

19 

-0 

.2 

0  .0 

14 

837 

+0  .5 

+0  .1 

23 

+0 

.1 

+0  .3 

22 

839 

-1   .7 

-0  .7 

28 

+1 

.2 

+0  .7 

24 

841 

-1  .9 

+0  .6 

23 

+1 

.0 

+0  .1 

24 

843 

-2  .0 

+0  .8 

29 

+0 

.8 

+0  .4 

20 

845 

+2  .8 

+0  .4 

28 

+0 

.9 

+0  .3 

22 

847 

+3  .9 

-1  .0 

20 

+1 

.6 

-0  .2 

22 

849 

+4  .5 

+  1   .0 

16 

+1 

.3 

+  1   .2 

16 

852 

+  1  .3 

0  .0 

18 

-0 

.6 

-0  .2 

14 

L854 

-1   .8 

-1   .1 

27 

+1 

.0 

+0  .9 

27 

L856 

-2  .2 

+0  .1 

19 

+1 

.3 

+0  .4 

28 

858 

-2  .3 

+0  .7 

22 

+1 

.3 

+0  .6 

29 

L860 

-0  .7 

+0  .3 

27 

+0 

.2 

+0  .5 

28 

L862 

+4  .7 

+0  .1 

17 

+2 

.9 

+0  .8 

30 

1864 

+5  .0 

0  .0 

18 

+  1 

.2 

+0  .4 

21 

L867 

+3  .7 

+0  .9 

24 

-0 

.2 

+  0  .2 

26 

1869 

+2  .2 

+2  .0 

23 

-0 

.6 

-0  .5 

22 

1871 

-1  .5 

-0  .1 

18 

+  1 

.5 

+  1   .0 

21 

1873 

-3  .2 

0  .0 

22 

+1 

.2 

+0  .1 

23 

L875 

-3  .8 

+0  .2 

24 

+0 

.8 

+0  .6 

23 

1877 

+0  .7 

-1   .9 

23 

+0 

.9 

.-0  .2 

15 

1879 

+5  .1 

+0  .1 

21" 

+1 

.7 

+0  .2 

21 

1882 

+4  .8 

+  1  .5 

26 

-0 

.6 

-0  .4 

17 

1884 

+  1  .1 

+0  .1 

26 

-0 

.7 

-0  .2 

27 

1886 

-1   .5 

-0  .6 

20 

+0 

.3 

+0  .1 

20 

1888 

-1   .7 

+1  .0 

13 

+1 

.0 

-0  .1 

14 

0pp. 

Right  Ascension 

Declination 

Newcomb    I      Ross 

No.  Obs. 

Newcomb 

Ross 

No.  Obs. 

1890 

-4".4 

-0".4 

30 

+  1".4 

+0".5 

13 

1892 

+0  .5 

+  0  .9 

17 

+0  .6 

+0  .7 

16 

1894 

+3  .9 

-0  .8 

34 

+2  .5 

+0  .5 

35 

1896 

+3  .9 

-1  .0 

25 

0  .0 

-0  .3 

26 

1899 

+2  .3 

0  .0 

29 

-0  .5 

+0  .2 

31 

1901 

-0  .6 

-0  .5 

23 

+0  .2 

+0  .4 

21 

1903 

-2  .2 

-0  .4 

34 

+  1   .2 

+0  .6 

39 

1905 

-5  .5 

-1   .6 

20 

+  1   .1 

-0  .2 

20 

1907 

-4  .8 

-0  .2 

19 

-0  .8 

-0  .6 

20 

1909 

+2  .7 

-0  .5 

22 

+  1  .5 

0  .0 

22 

1911 

+6  .5 

+  1  .5 

12 

+0  .8 

-0  .2 

12 

From  tlie  above  re.siduals,  v,  we  get 

H.  A.  Decl. 

lY'  (Newcomb)     651  117 

2-2;2  (Ross)               64  57 

Secular  variation  of  the  elements.  As  already  pointed 
out,  the  secular  variations  adopted  by  Newcomb  in  his 
Tables  of  Mars  are  theoretical  and  semi-theoretical,  and 
do  not  agree  with  his  own  determination  of  their  value 
from  oliservation.     In  the  following  talkie  are  collected: 

{a)  Newcomb's  theoretical  values,  adopting  masses 
given  in  Tables  of  Sun; 

(6)     Values  used  bj'^  Newcomb  in  Tables  of  Mars; 

(c)  Values  deduced  by  Newcomb  from  observations 
of  Mars: 

{d)     \'alues  resulting  from  the  iircscnt  investigation. 


D,e 
eD,ir 

sin  /  D,e 


+  148  .71 

—  2  .29 

-  70    .->7 


6 
+   18".71 
+  149".23 
-     2  .29 


.00 


c 
+   19" 
+  149  .55 

-  2  .26 

-  72  .60 


+    19".00 
+  149  .45 

-  2  .47 

-  72  .61 


From  mass 

of 

Vemi3  by 

Newcomb 

COWELL 

Ross 

Dfi 

+   18".71 

+   18".71 

+   18".71 

eD,w 

+  148  .71 

+  148  .81 

+  148  .76 

D,i 

-     2  .29 

-     2  .03 

-     2  .16 

sin  i  Dfi 

-  72  .57 

-  73  .12 

-   72  .85 

Theoretical  secular  variatimis.  These  depend  upon  the 
adopted  masses  of  the  disturbing  planets.  The  uncer- 
taint}'  as  to  the  mass  of  Te/n/.s  makes  the  variations 
doubtful  to  a  considerable  degree.  The  present  investi- 
gation has  led  to  a  value  of  its  mass  which  is  midway 
between  that  found  by  Newcomb  on  the  one  iiand  anil  ijy 
Leverrieh  and  C'owell  on  the  other.  Below  are  col- 
lected the  secular  variations  resulting  from  the.<e  three 
values  of  tiic  mass  of  Venus,  and  a  comiiarison  with  tiie 
observed  values  ((/)  given  above. 

Outstanding  residuals: 


N. 

C. 

R. 

+0' 

.29 

+0".29 

+0".29 

+0 

.74 

+  0  .64 

+  0  .69 

-0 

.18 

-0  .44 

-0  .31 

-0 

.04 

+0  .51 

+0  .24 
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The  equatorial  correction  to  Newcomb's  declination 
system.  It  is  useful  to  determine  from  the  discussion 
the  constant  correction  A5  to  the  decHnations  of  New- 
comb's  Fundamental  Catalogue,  the  system  of  which 
has  been  adopted  in  the  present  discussion.  This 
correction  can  be  obtained  equally  well  I>y  introducing 
A5  as  an  unknow^^  to  be  obtained  from  the  solution,  or 
from  the  residuals  in  declination  remaining  after  the 
final  values  of  the  elements  have  been  substituted  in  the 
equations  of  condition.  The  latter  method  has  been 
deemed  preferable.  The  mean  value  of  AS  for  each  of 
the  five  groups,  with  its  weight,  was  found  to  be  as  fol- 
lows : 


Period 

A5 

Wt. 

T 

(Centuries) 

A 

-0".02 

28 

-0.844 

B 

+0   .30 

55 

-0.514 

C 

-0  .13 

653 

-0.138 

D 

+0  .32 

978 

-1-0.117 

E 

+0  .04 

1689 

-1-0.448 

solving  for  A6, 

A6  =  -hO".087     -f-0".017  {T  -  1850.0) 
±      .085     ±      .250  (p.e.) 

A5  is  thus  uncertain  by  its  entire  amount.  Strictly 
speaking,  it  is  the  sum  of  the  constant  equatorial  declina- 
tion error  of  the  fundamental  catalogue,  the  constant 
error  of  bisecting  the  disc  of  the  planet,  and  a  possible 
difference  between  the  centers  of  gravity  and  figure  of 
Mars. 

It  will  be  of  interest  to  compare  this  value  of  A5  with 
the  value  obtamed  by  Hill  from  discussion  of  the  obser- 
vations of  Jupiter  and  Saturn.  He  found  {Astr.  Papers, 
Vol.  VII,  Pt.  1,  p.  18). 

A5  =  -hO".01  -|-0".45  (T— 1850.0), 

in  which  the  sj^stem  is  Boss's.  The  reduction  to  New- 
comb  is  +0".10 -|-0".36  (T— 1850.0).  {Astr.  Papers, 
Vol.  VIII,  Pt.2,  p.  213).  Reduced  to  Newcomb's  system. 
Hill's  value  becomes 

A5  =  -0".09  -|-0".09  (T— 1850.0). 

The  mean  result  of  both  investigations  is  therefore 

A5  -  0".00  -f0".05  (T—  1850.0). 

Fluctuations  in  the  mean  longitude  of  Mars.  The  ques- 
tion of  fluctuations  in  the  longitude  of  Mars  is  intunatelj' 
connected  with  fluctuations  in  the  Earth's  longitude. 
For  the  correction  5e  to  the  longituile  of  Mars  found  above 
is  strictly  a  correction  to  the  difference  of  the  longitude 


of  Mars  and  the  Earth,  or  nearly  so.  Direct  observations 
of  the  Sun  appear  to  establish  the  existence  of  fluctua- 
tions in  the  Earth's  longitude.  Observations  of  Mars 
shoukl  furnish  valuable  confirmatory  evidence.  If  ob- 
servations had  not  been  so  closely  restricted  to  the 
neighborhood  of  opposition,  it  would  have  been  possible 
to  obtain  strong  values  of  the  fluctuations  of  both  Mars 
and  the  Earth.  Because  of  this  restriction  there  is  a 
decided  correlation  between  these  fluctuations,  which 
weakens  their  determination.  Nevertheless  valuable  re- 
sults can  be  obtained  by  solving  the  equations  of  condi- 
tion for  81  and  5L,  corrections  to  the  mean  longitude  of 
the  Earth  and  of  Mars.  Before  making  the  solution, 
the  general  values  of  the  corrections  to  the  elements  of 
Mars  obtained  above  were  substituted  in  the  equations 
of  condition,  which  were  then  solved  separately  for  each 
opposition.  Mean  values  of  Si  and  SL  were  then  formed 
for  periods  of  nearly  ten  years.  Only  the  equations  in 
right  ascension  were  used.  The  results,  with  their 
weights,  are  as  follows: 


Epoch 

SI 

(Mars) 

Wt. 

SL 

{Earth) 

Wt. 

1754 

+0' 

.29 

89 

+  0' 

'.46 

28 

1763 

+0 

.03 

28 

+  0 

.90 

10 

1775 

+1 

.24 

40 

+  1 

.50 

15 

1790 

-0 

.04 

77 

+  0 

.10 

29 

1802 

-0 

.96 

29 

-1 

.27 

11 

1810 

+3 

.20 

20 

+  5 

.25 

8 

1821 

-1 

.41 

6 

-1 

.67 

3 

1828  —  1839 

+0 

.18 

956 

+0 

.64 

329 

1841  —  1850 

-0 

.13 

679 

-0 

.45 

195 

1852  —  1860 

+0 

.52 

721 

+  0 

.83 

252 

1862  —  1871 

+0 

.11 

559 

+  0 

.01 

192 

1873  —  1880 

+0 

.11 

1036 

+0 

.32 

329 

1882  —  1890 

+0 

.60 

545 

+0 

.71 

197 

1892  —  1901 

+0 

.25 

666 

+0 

.58 

214 

1903  —  1912 

+0 

.89 

688 

+1 

.45 

227 

The  values  of  Si  and  SL  given  above  have  been  plotted 
along  side  of  values  of  SL  obtained  from  direct  observa- 
tions of  the  Sun.  (See  the  writer's  paper  on  "  The  Sun's 
Mean  Longitude  A.  J.,  No.  691,  p.  156).  All  three  curves 
show  the  existence  of  a  major  fluctuation  from  aliout 
1760  to  1830,  and  an  acceleration  of  the  motion  of  both 
Mars  and  the  Sun  during  the  last  two  decades. 

Weighted  mean  values  of  5/  and  SL  were  formed  from 
the  above  table,  using  only  results  since  1829,  a,s  follows: 

Sl„,  =  +0".31   ±".08     Epoch  1870 
5L„,  =  +0  .54  ±   .13     Epoch  1870 
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The  probable  errors  assigned  were  obtained  from  the 
individual  values,  and  so  include  the  effect  of  fluctua- 
tions. The  value  of  SL„,  is  in  fair  agreement  with  the 
value  obtained  by  the  writer  from  observations  on  the 
Sun  (loc.  cit.)  which  is,  omitting  values  before  1829, 

5L  =  -|-0".19  +  0".02  (T—  1900.0) 

Systematic   errors   in   observations   of   Mars.     For   the 
study  of  systematic  errors  in  observing  Mars,  only  ob- 


servations during  the  period  1900  to  1912  have  been 
considered.  Results  obtained  for  this  period  should  be 
representative  of  the  best  to  be  expected,  under  present 
conditions.  Only  observations  at  Greenwich,  Paris  and 
Washington  are  available.  Each  observation  of  right 
ascension  and  declination  has  been  compared  with  places 
computed  from  the  final  elements  of  this  paper.  New 
residuals,  0  —  C,  were  thus  found,  whose  mean  values  Ijy 
opposition  and  observatory  are  as  follows: 


0- 

-  C,  Right  . 

Ascension 

0  —  C,  Declination 

Opposition 

<='• 

No. 
Obs. 

Ps. 

No. 
Obs. 

Wash. 

Xo. 
Obs. 

Gr. 

No. 
Obs. 

Ps. 

No. 
Obs. 

Wash. 

No. 
Obs. 

1900  —  01 

-^025 

30 

-^016 

14 

^000 

23 

+  ".39 

33 

+   ".65 

13 

+".15 

24 

1902  —  03 

-  .050 

34 

+  .041 

43 

-  .042 

31 

-1-    .90 

36 

+      .42 

52 

+    .13 

30 

1905 

-  .068 

21 

-  .040 

11 

-  .026 

30 

+    .78 

21 

-1   .03 

12 

+   .69 

29 

1907 

-t-  .082 

49 

+  .050 

2t) 

-  .018 

21 

-    .11 

49 

+     .65 

26 

+   .60 

21 

1909  —  10 

-1-  .032 

48 

-  .002 

16 

-  .040 

20 

+    .36 

49 

+     .23 

16 

+  .83 

20 

1911  —  12 

4-. 155 

31 

+  .070 

11 

-    .08 

32 

+  1   .20 

2 

Mean 

-|-'.02l 

-|-^0l7 

-^025 

+  ".37 

+  ".35 

+".48 

In  computing  the  probable  errors  of  a  single  observa- 
tion of  a  and  5  which  follow,  the  systematic  errors  showii 
in  the  above  table  are  not  considered,  being  treated  as 
accidental  errors.  This  gives  a  larger  but  more  useful 
value  than  that  obtained  from  discordances  from  the 
mean  values  in  the  above  table.  For  comparison,  results 
from  Br.\dley's  observations  are  included. 

Probable  error  of  one  observation  and  weights. 


Place 

Creeuwich 
Paris 

Washington 
Bradlev 


Probable  Error 

a  6 

=  1".02  ±0".67 

1   .08  0  .78 

0  .77  0  .59 

1  .73  1   .23 


AA'cights 
a  8 

3  7 

3  5 

5  8 

1  2 


From  a  study  of  the  mean  residuals  by  opposition  given 
above,  important  conclusions  can  be  *  drawn.  Large 
systematic  differences  in  both  right  ascension  and  declina- 
tion Ijetween  the  mean  results  for  different  observatories 
are  showTi.  These  differences  are  greater  than  the 
probable  error  of  a  single  observation.  Under  present 
conditions  of  observing,  therefore,  it  appears  useless  for 
any  one  observatory  to  collect  a  large  number  of  obser- 
vations at  an  opposition.  Fewer  observations  scattered 
over  a  more  extended  period  than  is  now  customary, 
both  before  and  after  opposition,  would  be  economical 
in  effort  and  more  useful  in  results.  Since  a  large  ]iarl 
of    the   .svstematic   differences   are   undouijte(llv    due    to 


personal  equation  in  observing  the  planet,  nian\-  obser- 
vatories and  observers  should  lake  jiart  in  the  oi)serva- 
tions.  To  the  writer  it  seems  highly  desirable  to  discard 
the  fixed  reticule  in  right  ascension  observations  in  the 
case  of  all  jjlanets  as  well  as  the  Sun,  substituting  the 
transit  micrometer.  A  new  and  useful  field  for  pho- 
tographic work  in  the  determination  of  jilanetary  posi- 
tions is  opened  up.  In  view  of  recent  findings  that 
fluctuations  in  the  positions  of  the  planets  are  probable, 
as  is  known  actually  to  be  the  case  for  the  Moon,  more 
accurate  jiositions  than  are  now  available  are  necessary 
for  the  proper  development  of  the  subject,  on  account 
of  the  minuteness  of  the  quantities  involved. 

The  mean  results  0-C  in  both  co(")r(linates  in  the  talile 
above  for  the  (Jrcenwich  and  Paris  oi)servations  arc  seen 
to  agree  closeh'  for  the  decade  considered,  notwithstand- 
ing the  large  differences  by  oppositions.  The  nu'an 
value  for  Washington  stands  out  prominently  showing 
an  undoubted  systematic  difference  for  the  twelve^  years. 
It  is  intere.-iting  to  note  that  the  Sun  oitservations  show 
the  simie  difference,  the  Washington  right  ascensions 
being  about  three-quarters  of  a  second  of  arc  less  than 
the  Greenwich  and  Paris,  as  is  here  seen  to  b<>  the  case 
for  Mars.  Th(>  mean  agreement  in  the  de<-linations  is 
much  better,  although  large  differences  by  oi)j>»)sitions 
are  shown,  as  in  the  case  of  the  right  ascensions.  It  can 
l)e  concluded  from  the  mean  value  of  ()('  that  for  this 
decade  the  equatorial  correction  to  Nkwiomhs  declina- 
tion system  is  —  0".40.  This  does  not  agrw  with  the 
Washington  lietermination,  which  is  +0".54.     According 
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to  the  Greenwich  observations  {N'ine  Year  Catalogue, 
1900)  the  equatorial  correction  to  Newcomb  is  — 0".12, 
agreeing  better  than  the  Wasliington  result  with  the 
value    determined    from    Mars.     From    the    totality    of 


observations  of  Mars,  the  correction  is  +0".10,  as  shown 
elsewhere  in  this  paper.  Hill's  value  from  Jupiter 
and  Saturn  observations  is  —  0".04. 

A'aitlical  AlmatiM  Office,  U.S.  Naval  Observatory. 


C  SAGITTAE  =  A.  G.  C.  11, 

A    RAPID    BINARY, 

Bv  GEORGES    VAN  BIESBROECK. 


This  5th  magnitude  star  (spectral  type  .4),  the  position 
of  which  for  1900  is 


19'-  44-"  32' 


-18°53'.5 


was  first  noted  as  a  wide  double  star  by  W.  Herschel  in 
1781.  W.  Struve  classified  it  as  2' 2585  and  estunated 
the  companion  as  8". 7.  The  latter  has  been  measured 
frequently,  but  so  far  there  is  no  appreciable  change  in 


the   relative  position,   as  can   be  seen    from   this    short 
selection  of  observations: 


1831.10 

312°.8 

8' 

.49 

6/( 

W.  Struve 

1867.38 

312  .8 

8 

.62 

4/( 

Dembowski 

1889.85 

311  .1 

8 

.66 

8n 

H.  Struve 

1904.65 

310  .4 

8 

.57 

5n 

BOWYER 

1908.71 

311  .2 

8 

.60 

3« 

Van  Biesbroeck 

Date 

Observed 

Computed 

71 

■  Observers 

e 

p 

d 

p 

1862.62 

(±337°) 

cuneiform 

23°.2 

0".09 

1 

0.  Struve 

75.75 

(316.9) 

(±0".4) 

161  .9 

0  .28 

1 

Dembowski 

77.74 

158.0 

0  .24 

157  .2 

0  .25 

3 

BURNHAM 

78.67 

157.1 

0  .35 

155  .0 

0  .23 

2 

BURNHAM 

80.09 

152.2 

0  .31 

149  .5 

0  .19 

4-3 

BuRNHAM 

83.41 

(176.6) 

(0  .17) 

123  .3 

0  .11 

6 

Engelmann 

86.79 

(177.3) 

oblong 

44.  6 

0  .07 

2 

H.  Struve 

86—87 

simplex 

<0  .07 

15 

Schiaparelli 

88.77 

simplex 

359  .8 

0  .05 

2 

H.  Struve 

89.57 

185.0 

0  .12 

186  .3 

0  .12 

2 

BURNHAM 

90.04 

192.8 

±0  .20 

182  .6 

0  .17 

3 

H.  Struve 

90.53 

179.7 

0  .12 

180  .4 

0  .21 

3 

BuRNHAM 

91.61 

182.8 

0  .15 

177  .3 

0  .26 

3 

Burn HAM 

91.71 

186.0 

0  .25 

177  .1 

0  .27 

4 

H.  Struve 

95.69 

171.7 

0  .24 

170  .9 

0  .33 

2 

Lewis 

98.41 

163.9 

0  .32 

166  .3 

0  .31 

3 

Lewis 

98.84 

170.9 

0  .47 

165  .6 

0  .31 

2 

Bryant 

99.26 

158.8 

0  .29 

164  .9 

0  .30 

2 

BoWYER 

1899.68 

159.2 

0  .22 

164  .2 

0  .30 

2 

Lewis 

1900.62 

162.9 

0  .20 

162  .5 

0  .29 

2 

Bryant 

1.06 

158.7 

0  .24 

161  .7 

0  .28 

2 

Aitken 

1.71 

151.9 

0  .18 

161  .2 

0  .28 

5 

Bryant 

2.62 

156.5 

0  .16 

158  .2 

0  .25 

2 

Bryant 

.  3.73 

158.4 

(<0  .30) 

155  .1 

0  .23 

1 

Van  Biesbroeck 

3.81 

154.3 

0  .21 

154  .9 

0  .23 

2 

BoWY£R 

5.87 

148.2 

0  .20 

146  .7 

0  .18 

2 

Aitken 

8.73 

113.8 

0  .18 

121  .9 

•0  .11 

4 

Bryant 

8.75 

(±111) 

(<0  .25) 

121  .6 

0  .10 

2 

Van  Biesbroeck 

12.69 

29.4 

0  .14 

29  .6 

0  .09 

2 

Aitken 

1916.24 

177.2 

0  .22 

178.8 

0  .24 

1 

Van  Biesbroeck 

^m^< 
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"B^jangular  precession  being  of  —  0°.6  only  per  century, 
.^e^ange,  tf  any,Js  less  than  the  errors  of  measurement. 
AiS'.OTding  to  the  P.  G.  C,  the  proper-motion  of  the  prin- 
_  -j^^  star  is 


+0^0013 


+0".025 


.3  '■ 

or,  0".030  In^tBe," direction  34°.  Since  this  motion  has 
nor  affecteci'theiVlative  position,  we  must  conchide  that 
'-the  two  stars  form  a  physical  system. 

In  1875,  Alv.\n  G.  Clark,  using  the  r2-incii  now  at 
the  Lick  Observatory,  discovered  tlic  principal  star  to 
be  a  close  pair,  the  two  stars  differing  by  about  one 
magnitude  in  brightness.  But  it  was  not  until  1877  that 
useful  observations  became  available,  mainly  tho-se  of 
Bl'rnham.  The  above  table  shows  the  measures  on 
the  close  star. 

In  addition  to  these  measures  we  have  to  record 
ScHiAPARELLi's  statement  that  in  1886-87  he  examined 
the  stars  on  fifteen  occasions,  with  the  18-inch  Milan 
refractor,  without  separating  the  oliject  or  even  tracing 
any  elongation.  The  references  for  the  measures  till 
1905  are  found  in  Burnham's  General  Catalogue  (No 
9643),  where  we  find  the  remark:  "the  change,  if  any, 
has  apparently  been  in  distance."  But  Aitkex'.s  meas- 
ures in  1912  {Publ.  Lick  Obs.,  Vol.  XII,  p.  142)  have 
shown  that  the  star  is  changing  decidedly,  and  this  was 
confirmed  here  in  the  most  striking  way  by  a  recent 
observation  with  the  40-inch,  the  position  angle  having 
diminished  by  more  than  200  degrees  in  3^2  years. 

This  led  to  a  discussion  of  the  available  observations 
and  showed  that  the  period  is  about  twenty-five  years. 
A  first  approximation  of  the  orbit  was  obtained  graphi- 
cally, allowing  for  the  law  of  areas.  This  orbit  was 
improved  by  steps,  using  the  differential  coefficients  of 
the  elements,  so  as  to  fit  in  with  the  observations  entitled 
to  the  highest  weight.     The  result  is: 

IjLements  of  f  Sagittae 
Period,  25.20  years  (ju  =  - 14°.286) 

T  =  1914.11 
a  =    ■i°.G 
i  =    78°.l 
o)  =  295°.0 
c  =      0  .85 
a  =      0".32  (Retrograde) 


For  the  sake  of  comparison,  the  positions  computed 
from  these  elements  are  given  side  by  side  with  the 
observations.  That  comparison  gives  rise  to  the  follow- 
ing remarks:  the  elongation  suspected  by  O.  Struve 
in  1862  is  probably  spurious,  the  computed  distance  at 
that  tune  being  less  than  0".l.  Likewise  De.mbowski'.s 
estimate  in  1875  is  entitled  to  very  small  weight.  His 
7-inch  telescope  could  not  possibly  separate  a  star  of 
this  class.  In  1876.68  he  states  that  the  star  appears 
single  to  him.  The  same  remark  applies  to  Engelm.\nn's 
measures  (73^^-inch  telescope)  in  1883.  His  position 
angles  range  from  160°  to  190°  and  his  distances  from 
0".14  to  0".25.  The  negative  observations  by  H.  Struve 
and  Schiaparelli  in  1886-1888  are  well  accounted  for. 
Periastron  passage  occurred  at  1888.91  and  at  that  time 
the  distance  was  less  than  0".05. 

The  following  ephemeris  shows  the  character  of  the 
motion  for  the  next  two  decades. 


Ephemeris  for  f  Sagittae 


Date 

Position  .\ngle 

Distance 

V 

km 

1916.0 

179°.4 

0".21 

-16.6 

18.0 

174  .8 

0  .27 

-12.1 

20.0 

171  .6 

0  .30 

-   9.2 

22.0 

168  .6 

0  .30 

-   6.8 

24.0 

165  .6 

0  .28 

-  4.6 

26.0 

162  .0 

0  .26 

-  2.5 

28.0 

157  .4 

0  .22 

-  0.4 

30.0 

151  .0 

0  .18 

-t-   1.8 

32.0 

140  .7 

0  .14 

+  4.5 

34.0 

119  .2 

0  .09 

+  7.9 

36.0 

73  .7 

0  .07 

+  13.1 

1938.0 

25  .5 

0  .08 

+  25.0 

Assuming  the  mass  of  the  system  to  l)c  t(iual  tu  tliat  of 
the  Sun,  the  hypothetical  parallax  would  be  0".013  and 
the  relative  velocities  as  given  in  the  Column  V. 

It  is  seen  that  the  motion  will  be  again  very  slow  for  a 
number  of  years,  and  that  it  will  hardly  be  possible  to 
improve  the  elements  given  here  until,  after  some  twenty 
years  hence,  the  angular  motion  again  l)econies  rapiil. 

YerkiS  Obsirviilory,  .t/)n7.  1916. 
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ON   AN    EXTENSION    OF   THE   USE   OF   THE   NEWCOMB   OPERATORS, 

By  R.  T.  a.  INNES. 


The  late  Simon  Newcomb  gave  much  attention  to  the 
problem  of  the  development  of  the  elliptic  perturbative 
function  and  made  some  notable  advances.  The  most 
imjiortant  of  these  was  the  introduction  of  the  operators 
of  which  mention  was  made  first  by  him  in  the  Comptes 
Rendus  LXX,  p.  385,  and  a  little  later  he  developed  a 
complete  theory  in  Vol.  Ill  of  the  American  Journal  of 
Mathematics.  He  applied  the  operators  extensively  in 
his  developments  of  the  perturbative  function  in  Vols.  Ill 
and  V  of  his  celebrated  Astronomical  Papers,  one  in  terms 
of  the  eccentric,  the  other  in  terms  of  the  mean  anomalies. 
Chessin  has  given  other  properties  of  these  operators  in 
past  volumes,  and  in  two  papers  published  some  years 
ago  in  the  Transactions  of  the  Royal  Society  of  South  Africa, 
I  have  extended  these  properties  and  have  shown  that 
they  are  such  that  it  is  simple  to  write  down  two  or  per- 
haps three  of  the  lowest  powers  of  the  eccentricities  and 
mutual  inclination,  treated  as  small  quantities,  in  any 
term  of  the  perturbative  function,  however  high  the  order 
may  be,  thus 


(T^^  e'ei^ 


J.J'  >  .J'  }  -J'  1,1 


+  e-  e,-  U     ,         +  ei^  n  ,    . 

J ,/  J.J 


A,  xC 


pg'  +  qy  +  e 


can  be  found  for  any  values  of  *■,  j  and  j'.  Le  Verrier 
gave  a  literal  development  including  all  terms  of  the  7th 
order,  and  this  was  extended  by  Boquet  to  the  8th  order. 

This  meant,  if  any  of  the  terms  indicated  by  n''.^*. 


n,.j 


J+4. 
J  .  /' 

^  ^'■'    ^  or  n  .'t      were  included,  the  limitation  was 


2.S  + ,/  +  j'  +  4  =  7 


in  the  case  of  Le  Verrier's  expansion.     Thus  if  we  have 
to  include  these  4th  order  terms,  2s  +  j  +  f  must  not 

N.  B.     A  leaded   C   stand.s  for  cosine  and  similarly  a  leaded  S 
would  be  used  for  sine. 


exceed  3.  As  it  is  very  seldom  indeed  if  ever,  that  we 
need  to  go  beyond  the  4th  order,  operators  such  as  those 
just  written,  it  will  be  obvious  that  the  u.se  of  the  New- 
comb  operators  makes  a  great  advance. 

In  writing  of  these  operators  Newcomb  suggests  that 
they  "contain  the  germ  of  some  principle  which  I  have 
not  fully  grasped,  and  which  may  admit  of  wider  and 
more  important  applications." 

In  a  paper  recently  sent  to  the  Royal  Society  of  South 
Africa  I  have  demonstrated  the  following  theorem :  — 

Being  given  the  development  of  the  perturbing 
function  and  its  derivatives,  assuming  one  ec- 
centricity to  be  zero,  then  by  means  of  the  Newcomb 
operators,  this  eccentricity  can  be  introduced  and 
the  complete  development  attained. 
The   derivatives   are   the   logarithmic   differential   co- 

efficients  D  =  a—-  with  reference  to  a  (ratio  of  the  mean 

distances)  and  are  actually  required  in  computing  per- 
turbations. 

The  principle  really  extends  somewhat  further,  because 
it  can  be  applied  to  any  elliptic  function  of  the  distances 
of  two  planets  from  the  Sun,  such  as  for  instance 


H 


T 


in  which  H  is  the  cosine  of  the  angle  between  the  planets 
as  seen  from  the  Sun. 

Any  operator  such  as  n.'  is  multinominal  in  i  and  D 
and  must  operate  on  a  function  of  a  such  as  the  Laplacian 
functions 


thus 


Na*'  +  Nia*'^'  +  etc. 


n,.o  =  i(-2i  _£))  6iC) 


It  will  be  seen  that  the  operator,  being  a  function  of  i 
must  operate  on  its  appropriate  6<".     It  would  be  wrong 

(165) 
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to  operate  with  n  for  {i  +  2)  on  b-  and  so  on.  Newcomb 
{Astr.  Papers,  V.  p.  27)  instructs  us  to  use  the  operator 
II  {)')  on  a'Ai  where 

a' A,  =  W"  -  W'  a  (63"-"  +  63"+")  +  etc. 

which  seems  to  vioUite  this  ruh'  l)ut  actuallj'^  0(63*'"''  + 
63""*"")  is  easily  expressible  in  terms  of  6/"  and  the  pro- 
cedure is  correct. 

Newcomb  writes  any  term  in  the  perturbative  function 
as  follows 

aW  [P''"'  +  e'  P^*"-''  +e-'P' ■''*"■  +  etc. 

3,3'  3 '  y  J  .  j' 

C  [pg'  +  qg  +  e 

but  that  part  of  expression  within  the  brackets  can  be 
written  more  simply,  and  omitting  s,  as 

fn.   .,  +  e^y",  +  e,2  n"'":  +  etc.]  a'A, 

If  now,  we  suppose  e  to  become  zero  the  term  reduced  to 


(A) 


As 


<:  X  <::'  =  K.r 


wtiich  IS 


Newcomb's  capital  discovery,  we  can  operate  upon  (A) 
in  its  entirety'  hrstly  with  11/  ,  then  with  n/,  then  with 
11/  and  so  on  as  far  as  may  be  necessarj-.  It  is  not 
necessary  to  deal  with  each  element  separately. 

T 

As  a  simple  numerical  example,  we  will  develop  —a'—^H 

rr 

in  the  case  of  JupHer  and  Sfiturn,  firstly  assume  Jupiter's 

eccentricity  e  to   be   zero;   and    the  constants  adopted 

will  be  those  given  in  Hill's  Theory  of  Jupiter  and  Saturn 

(Collected  Works,  III,  pp.  21.  22  and  64)  so  that  a  ready 

check  is  available. 

As  Hill's  hi  and  I  are  factored  by  C  s^.  (S  <p  =e)  this 

quantity  is  removed  so  that  (the  | .  . .  . )  brackets  signifying 

logarithms) 


[9.0477990] 


/  =  [9.7272022] 


As  e  is  a.ssumed  to  be  zero  all  the  quantities  P,  and 
Q,  computed  by  Hill,  with  the  exception  of  P|  =  Qi  =  1 
vanish,  and  the  only  terms  which  remain  will  be  of  the 
form 

a'-JI  =  i(?[/iP/  =t  A,Q/]  c  [±  i'g'  -  f/] 

-iP[/P/  ^  /.Q/]  S[^<Y-!7] 
(see  Hill,  p.  63). 


When  we  have  computed  this  expression,  we  will  intro- 
duce the  effect  of  e  into  the  term  =•=  i'g'  —  g  by  operating 
upon  it  with 

Po  =  [1  +  e'-n--'"  -I-  e^n^-"  -I-  etc.]a 

Next,  if  we  operate  with 

Pi  =  e  [Hi  -h  e=nr  +  e*  U,*  +  etc.]  a 

we  get   the  coefficient  of  the  term    ^^i'g'  +  (1  —  1)<7  = 
^/'f/'  -f  Og.     Similarly  the  compound  operator 

P^„  =  e"[IU„  -1-  e-n.=„  +  e'UJ„  +  etc.]  a 

will  yield  the  coefficients  of 

=t  i'g'  -  (1  =p  7i)g 

It  will  be  seen  immediatelj'  that  the  numerical  work  is 
realh'  simpler  than  the  explanation. 

Newcomb  (Astr.  Papers,  V,  pp.  27-29)  furnishes  the 
values  of  the  IT  operators,  and  as  in  this  case  D^o  =  o 
we  can  replace  each  of  the  D's  by  unity,  and  as  the  co- 
efficient of  g  is  —1.  the  V's  by  —1.     Thus  we  have 

Po   =  1  +  ie"-{-  4+1  +  1) 

+  ffLe4(+  16-9  +  2-8-1-2+1)  +  etc. 

P_,=  ie(2-  1) 

+  TVe-'(-8-  10-2  +  4  +  .-)  +  3  +  2+l  -  1)  +  etc. 

P:  =^e(-2-l) 

+  TVe'(+8-  10  +  2  +  4  — r)  +  3-2+l  -  l)+etc. 

We  need  not  go  further.     It  will  be  seen  that  in  the  case 
considered  these  reduce  to 

Pn    =  1  -  *e-  -  irVe'  -  etc. 
P_,  =  he  -  Je'  +  etc. 
Pi    =  -  §e.  etc. 

and  are  the  coefficients  of  terms  in  the  development  of 

~  n  f  ■     The  others  which  may  be  required  can  lie  taken 
a  o 

from  Cayley's  tables  in  the  Memoirs  of  the  li.  Ast.  Soc, 

XXVI,  pp.  260-262. 

Thus,  both  literally  and  for  e  =  0.04S2.4277. 


Po   =  1  -  ie=  -  n'^c'-etc.  =  0.90SS,3623  =  [9.9994043] 

P,    =  -  ^e  =  -0.0723,1)415  =  [8.S.")9.-i23.")iH 

p_,  =  ^e  -  ie^  +  etc.  =  0.0240,7928  =  18.381()43.^1 

p,   =  Je=  +  j'^c'  +  etc.  =  0.0002.9070  =  (6.463445] 

P_j=  Je-  -  le*  +  etc.  =  0.00()S.7073  =  [6.939884] 

p,   =  ji^e"  +  jtje'  +  etc.  =  0.0000.0468  =  [4.6702] 

P_,=  Je3  -  ^Bjf^  +  etc.  =  0.()0(M),.3732  =  15.5720] 

p,   =  ^3ge'  +  etc.  =  0.(MMM).0013  =  [3.114] 

P-^=  \Ue*  +  etc.  =  0.(KXM).0176  =  [4.2455] 
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^'9'  ig 

e  =  0 

Po 

P, 

P   1 

Pi 

I     I 

I       t 

i'       i 

i' 

I 

i'        i 

-4  -1 

+       4 

-4  -1 

+      4 

-3  -1 

+       38 

-3  -1 

+     38 

-3  0 

3 

-2  -1 

+      310 

—  2  —1 

+     310 

-2  0 

—    22 

-2 

-2 

+     7 

-1  -1 

+     1307 

-1  -1 

+    1305 

-1  0 

95 

-1 

-2 

+    31 

-1  +1 

+       1 

1  -1 

-0.11157773 

1  -1 

-11144786 

1  0 

+807423 

1 

-2 

-268671 

+  1  +1 

-3244 

2  -1 

-   1249958 

2  -1 

-  1248504 

2  0 

+  90452 

2 

_2 

-  30098 

2  +1 

-  363 

3  -1 

118148 

3  -1 

-   118011 

3  0 

+  8550 

3 

-2 

-  2844 

3  +1 

-  34 

4  -1 

10458 

4  -1 

1044(5 

4  0 

+   757 

4 

-2 

-  251.8 

4  +1 

-   9 

5  -1 

894 

5  -1 

893 

5  0 

+    05 

5 

-2 

-  21.52 

5  +1 

-   1 

6  -1 

75 

6  -1 

75 

6  0 

+     5 

6 

-2 

-   1.81 

7  -1 

6 

7  -1 

6 

P-2 

P3 

P-.^ 

P4 

P  4 

i'       i 

i'      i 

i' 

1 

i'   i 

i' 

I 

1  -3 

-9715 

1  +2 

-52 

1 

-4 

-416 

1  +3 

-1 

1 

-5 

-20 

2  -3 

-1088 

2  +2 

-  6 

2 

-4 

-  46 

2 

-5 

-  2 

3  -3 

-  103 

3 

-4 

-  4 

4  -3 

-   3 

The  calculation  for  the  fir.st  lino  of  {B)  will  suffice  as  an 
example. 

The  numbers  in  the  P  columns  are  in  units  of  the  8th 
decimal.  Certain  coefficients  coalesce,  those  in  Pi 
amongst  themselves,  those  Pj  with  those  in  P_i,  etc.; 
collecting  these,  the  completed  table,  with  Hill's  figures 
for  comparison  is  as  follows: 


By> 

bwcomb'.s 

From 

i' 

i 

Oi 

:)crators 

Hill,  p.  64 

1 

0 

+ 

807328 

+ 

807328 

2 

0 

+ 

90430 

+ 

90430 

3 

0 

+ 

8547 

+ 

8547 

4 

0 

+ 

757 

+ 

756 

5 

0 

+ 

65 

+ 

65 

6 

0 

+ 

5 

+ 

5 

-3 

—  \ 

+ 

4 

+ 

3 

-2 

—  \ 

— 

53 

— 

54 

-1 

—  \ 

— 

1939 

— 

1944 

1 

—  \ 

-11144787 

-11144785 

2 

1 

— 

1248504 

— 

1248502 

3 

—  1 

— 

118011 

— 

118010 

■  4 

\ 

— 

10446 

— 

10445 

5 

—  \ 

— 

893 

— 

893 

6 

—  \ 

— 

75 

— 

75 

7 

—  1 

— 

6 

— 

6 

_2 

-2 

+ 

1 

+ 

2 

-1 

-2 

— 

21 

— 

21 

1 

-2 

— 

268671 

— 

268671 

By  Newcomb's 

From 

i'         i 

Operators 

Hill,  p.  64 

2  -2 

-   30098 

-   30098 

3  -2 

2844 

2845 

4  -2 

251.8 

251.8 

5  -2 

21. .52 

21. .52 

6  -2 

1.81 

1.80 

1  -3 

9715 

9715 

2  -3 

1088 

-    1088 

3  -3 

103 

103 

4  -3 

9 

9 

5  -3 

0.8 

0.8 

etc. 

etc. 

etc. 

The  occasional  differences  in  the  8th  decimal  place 
signify  nothing  as  the  working  in  both  cases  was  only  with 
7-figure  logarithms;  besides  this  my  work  is  unchecked. 
The,  comparison  gives  a  numerical  justification  of  the 
work  of  the  Newcomb  operators,  which  supplements  the 
algebraical  work. 

In  the  example  chosen,  it  was  assumed  that  e  became 
zero,  but  the  choice  is  optional.  Both  cases,  namely, 
firstly  with  e  zero  and  with  e'  zero  can  be  worked.  After 
completion,  the  two  expansions  will  agree  if  the  numerical 
work  is  exact. 

Union  Observalorij,  Johanuesburg,  Slh  April,  1916. 
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TWELVE    FAINT    STARS   WITH    SENSIBLE    PROPER-MOTIONS, 

By  EDWIN  P.  HUBBLE. 


In  the  table  below  is  given  an  assortment  of  proper- 
motion  stars,  which,  with  one  exception,  were  found  by 
comparing  under  the  Blink  microscope  plates  taken  with 
the  24-inch  reflector  by  the  writer  during  the  last  eight 
months,  with  earlier  plates  taken  with  the  same  instru- 
ment by  Messrs.  Ritchey,  Parkhurst  and  Jordan. 
The  plates  were  usually  exposed  so  long  that  the  images 
of  the  brighter  stars  were  large  enough  to  mask  any 
moderate  displacements,  and  this  probably  accounts  for 
the  fact  that  the  list  is  comprised  of  faint  stars  only. 

The  magnitudes  are  estimations,  based  on  exposure 
time,  density  of  the  image,  condition  of  the  sky  and 
comparison  with  whatever  charts  were  available.  On  my 
working  scale,  the  limit  of  the  Franklin-Adams  charts  is 
about  13.5  to  14th  magnitude,  and  that  of  the  Wolf- 
Palisa  charts  about  16th  magnitude. 

When  a  star  showed  a  decided  motion  under  the  Blink, 
it  was  measured  with  reference  to  neighboring  stars, 
under  a  Gaertner  machine.  The  accuracy  of  the  measures 
is  not  great,  due  to  the  fact  that  usually  the  star  was  at 
some  distance  from  the  center  of  the  field,  thus  was  sub- 
ject to  large  distortion,  and  further  was  blurred  by  the 
long  exposure.  For  the  same  reasons,  no  attempt  was 
made  to  give  positions  more  accurate  than  is  necessary 


for  identification.  The  smallest  actual  displacement 
dealt  with  here  was  2"  of  arc,  equal,  on  the  scale  of  the 
reflector,  to  0.023"™.  Under  average  conditions,  a  dis- 
placement of  half  this  amount  can  readily  be  detected. 

Attempts  were  made  to  use  the  stereoscopic  attachment 
of  the  comparator,  but  the  results  were  discouraging. 
Slight  differences  in  the  arrangement  of  grains  in  the 
images  were  sufficient  to  produce  illusory  ri'lief  on  a  large 
scale.  Plates  taken  on  th(>  same  evening,  and  even 
second  negatives  from  one  positive,  gave  the  effect  of 
pronounced  relief.  On  the  other  hand,  in  some  cases  of 
displacements  well  estaltlislieil  by  the  Blink  and  by 
actual  measurement,  no  relief  whatsoever  could  be  de- 
tected in  the  stereoscope. 

Four  stars  in  the  list  are  of  the  15th  magnitude,  or 
fainter.  So  far  as  I  am  aware,  these  are  the  faintest  stars 
in  which  appreciable  motion  has  been  found.  For- 
tunatelj',  it  was  possible  to  check  these  cases,  by  two  or 
more  plates  taken  at  each  epoch,  so  there  can  be  no 
question  as  to  the  reality  of  the  motions.  In  view  of 
the  small  number  of  fields  examined,  fifteen  in  all,  it  is 
reasonable  to  suppose  that  considerable  numbers  of  such 
faint  stars  exist  in  the  immediate  neighborhood  of  our 
Sun. 


No. 

Mag. 

1900 
Right  Ascension             Declination 

M 

<r'' 

Interval 
Yeiirs 

Early  Plate  Taken  by 

1 

11.5 

Qh  45m  20» 

4-57°  44'.8 

1".50 

72°.2 

12.7 

Parkhitrst 

2 

15.0 

6  33    38 

-1-  8  51  .2 

0  .27 

163  .7 

16.2 

Jordan    (see  note) 

3 

13.2 

10  46    23 

-hl4  31  .5 

1  .07 

280  .5 

9.9 

Parkhurst 

4 

15.5 

10  47    59 

-1-13   29.2 

0  .48 

214  .6 

9.9 

Parkhurst 

5 

16.0 

10  48      1 

-f-13  40.4 

0  .29 

270  .0 

9.9 

Parkhurst 

6 

9.0 

13  37    58 

-f-56   32.4 

0  .24 

256  .0 

45.0 

A .  G.  Catalogue 

■    7 

9.7 

14     5      5 

-13   27.2 

0  .38 

190  .0 

11.8 

Parkhurst 

8 

14.0 

14     8    46 

-13    18.9 

0  .73 

242  .2 

11.8 

Parkhurst 

9 

15.3 

14   19    25 

-h54     2.1 

0  .22 

303  .7 

13.6 

Parkhurst 

10 

11.0 

14   22      8 

■j-53   47.2 

0  .52 

213  .1 

13.6 

Parkhurst 

11 

12.0 

18   16-    0 

-16     5.1 

0  .23 

8  .5 

13.9 

Ritchey 

12 

13.7 

21      1    24 

+23   29.7 

0  .20 

163  .0 

11.0 

Parkhurst 

1.  This  star  has  a  decideil  yellowish  tinge.  It  is  in 
the  same  field  as  7/  Cassiopeia,  which  has  a  motion  almost 
as  large  and  in  the  same  general  direction.  The  agree- 
ment, however,  is  not  sufliciently  close  to  warrant  any 
connection. 

2.  Precedes  4".4  and  is  97"  nortii  of  A'  Monocerolis, 
the  nucleus  of  the  nebula  N.G.C.  2261.  An  excellent 
plate  taken  by  Mr.  Jordan  in  March,   190S,  ga%-e  an 


interval  of  7.96  years.  At  the  request  of  the  Director  of 
this  observatory,  Mme.  Dorothea  Roherts  had  the 
great  kindness  to  furnish  us  witli  copies  of  a  plate  of  the 
nebula  taken  by  the  late  Mr.  Isaac  Roberts  in  January, 
1900.  Besides  confirming  changes  in  the  nei)ula  itself, 
these  copies  affordeil  a  more  accurate  determination  of 
the  motion  of  this  star.  The  total  displacement  in  the 
16.2  years'  interval  was  4".37.  Plates  taken  with  a 
color-filter  show  the  star  lias  no  appreciable  (•..li.r-iudcx. 
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5.  Precedes  4^89  and  is  56". 6  north  of  the  8th  mag- 
nitude star  B.  D.  -|-13°2320.  Comparison  of  positions  of 
the  bright  star  in  the  Weisse  Bessel  and  in  the  Leipzig 
A.  G.  Catalogues,  apparently  showed  a  proper-motion  of 
the  same  amount  and  in  the  same  direction  as  that  of  the 
small  star.  This  was  tested  by  transits  taken  with  the 
12-inch  refractor,  determining  the  Aa  between  B.  D. 
-|-13°2320  and  B.  D.  +13°2318. 


Weisse  Bessel 

(1825) 

69^78 

Leipzig  A.  G. 

(1869) 

68.98 

Mean  of  six  transits 

(1916.3) 

68.90 

Thus  there  is  apparently  no  connection  between  the  two 
stars. 

6.     B.  D.  -f-56°1675.     In    measuring    positions    of    a 
cluster  of  small  nebulse  in  this  region,  the  star  was  found 


to  be  out  of  its  position  as  given  in  the  Helsingfors- 
Gotha  volume  of  the  A.  G.  Catalogue  (No.  7668),  by 
l-'.3  in  a  and  2".5  in  5.  The  discrepancy  was  further 
checked  by  differential  measures  of  this  star  and  B.  D. 
-|-56°1674.  Either  the  A.  G.  position  is  wrong,  or,  what 
is  more  probable,  the  star  has  a  sensible  proper-motion. 

7.  S.  D.  — 13°3834,  visual  magnitude  given  as  9.7. 
The  size  of  the  images  renders  the  amount  of  motion  very 
uncertain. 

9.     47^8  following  and  208"  north  of  B.  D.  +54°1668. 

11.  Yellowish  star  in  the  field  of  the  nebula  M  17. 
Professor  Barn.'Vrd  gives  the  position  for  1915.0: 
18»  16-  5P.58,  - 16°  4'  40".6.     Epoch  of  Obs.  1915.55. 

Yerkes  Observatory,  March  21,  1916. 


OBSERVATIONS   OF   COMETS, 

made  with  the  filar  micrometer  of  the  433-mm  equatorial  of  la  plata  observatory, 

By  p.  T.   DELAVAN. 


Comet  1913  f  (Delay an) 


1915 

La  Plata 
M.  T. 

* 

Comp. 

^  - 

a 

-  * 

5 

^  's  Apparent 
a            5 

Log  p'A 
for  a      for  5 

Apr.  6 
12 

h   m   8 

14  1  50 
11  25  38 

1 
2 

10 
10 

10 
10 

+  18.97 
-20..57 

+3  35.9 
+4  18.9 

h   111   s 

17  47  30.07 
17  42  5.15 

0     '       '/ 

-42  9  54.4 
-44  14  23.8 

9'6383n 
9.8103W 

9.0342n 
0.3399n 

12 
14 

12  1  18 
11  43  51 

2 
4 

10 
10 

10 
10 

-22.18 

-27^2 

+3  47.6 
+4  14.4 

17  42  3.54 
17  39  49.79 

-44  14  55.1 
-44  56  22.3 

9.7844« 
9.7960n 

0.1608n 
0.1849W 

19 

13  8  36 

6 

10 

10 

-14.40 

-3  46.8 

17  33  11.10 

-46  39  42.8 

9.6451« 

9.8109 

22 
24 
25 

13  18  10 
12  37  1 
11  49  38 

8 
10 
11 

10 
10 
10 

10 
10 
10 

+   4.80 
-40.79 
-  6.24 

+4  29.5 
+3  10.5 
-2  13.8 

17  28  34.61 
17  25  17.91 
17  23  36.55 

-47  38  59.7 
-48  16  46.5 
-48  .34  58.6 

9.5842n 
9.6676W 
9.7490n 

0.0538 
9.9020 
9.1413 

27 

11  50  41 

12 

10 

10 

-30.94 

+4  19.0 

17  19  57.55 

-49  11  40.2 

9.7336/1 

9.6400 

27 

28 

12  12  5 
11  59  11 

13 
15 

10 
10 

10 
10 

+31.32 
+  6.32 

-1  26.0 
-4  13.0 

17  19  55.53 
17  18  2.42 

-49  12  2.3 
-49  29  46.2 

9.6918/i 
9.7092n, 

9.9031 
9.8592 

28 

13  2  12 

17 

10 

10 

-25.78 

-3  20.3 

17  17  57.61 

-49  30  36.1 

9.5394/( 

0.2058 

29 

13  11  59 

18 

10 

10 

+  5.17 

-7  37.9 

17  15  59.59 

-49  48  20.7 

9.4813/i 

0.2582 

29 

13  27  20 

19 

10 

10 

-17.55 

-1  4.2 

17  15  58.04 

-49  48  28.9 

9.4096n 

0.2903 

May  1 
10 

13  8  26 
10  22  38 

20 
21 

10 
10 

10 
10 

-27.33 
-21.34 

-2  4.5 

+0  48.8 

17  11  56.02 
16  51  43.41 

-50  22  29.1 
-52  35  9.4 

9.4494n 
9.7818k 

0.2944 
9.8235 

10 
11 

10  34  24 

11  59  12 

22 
24 

10 
10 

10 
10 

+37.27 
+  5.91 

-6  43.8 
-7  44.8 

16  51  42.79 
16  49  6.26 

-52  35  18.4 
-52  48  45.4 

9.7579n 
9.5065tt 

9.9663 
0.3507 

12 

10  29  1 

26 

10 

10 

+  16.28 

-5  27.5 

16  46  45.65 

-53  0  11.0 

9.7528W 

0.0276 

14 
14 
16 

14  31  18 

15  5  42 
8  22  9 

27 
27 
28 

10 
10 
10 

10 
10 
10 

+  16.97 
+  12.93 
+21.69 

+5  5.1 
+4  50.4 
-3  11.3 

16  41  15.32 
16  41  11.28 
16  36  45.88 

-53  25  3.9 
-53  25  18.6 
-53  43  18.7 

9.4256 
9.5791 
9.8835n 

0.3966 
0.3281 
0.0722 

16 

13  37  43 

28 

10 

10 

-12.93 

-5  26.0 

16  36  11.28 

-53  45  33.7 

9.1170 

0.4458 
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1915 


La  Plata 
M.  T. 


Comp. 


<r 


^  's  -Apparent 
a  5 


Log  p'A 
for  a  for  5 


Comet   79/3/  (Delay 


May 


Juiu 


July 


16 

21 

22 

1 

4 

7 

11 

17 

25 

26 

28 

30 

3 


Aug.  31 
Sept.    1 


May  16 
17 
19 
21 

June  4 
22 


tl         111        8 

1 

14  40  47 

29 

10,  10  1 

15  .50  .34 

30 

10 

10 

14     4  22 

31 

10 

10 

14     0     5 

32 

10 

10 

14     1  20 

34 

10 

10 

11  42  40 

36 

10 

10 

15    3  29 

38 

10 

10 

13  28  51 

39 

10 

10 

14  52    4 

40 

10 

10 

14  12  29 

41 

10 

10 

9  36  15 

42 

10 

10 

10  31     4 

44 

10 

10 

13  39  40 

46 

10 

10 

13     4  47 

48 

10 

10 

9  15  49 

49 

10 

10 

9  12  29 

49 

10 

10 

17    0  30 

51 

10,10 

17     7  18 

53 

10,10 

17    0  11 

55 

10,  10 

16  59  26 

57 

10,  10 

17     8  51 

59 

10,10 

17  .52  19 

61 

10,  10 

+24.39 
+  11.39 
+30.59 
+  8.09 
+42.00 
-28.98 
-21.04 
+  3.66 
+25.07 
-12.48 
-12.43 

-  9.93 
+33.07 

-  2.13 
-12.76 
+27.75 


+4  3.4 

-7  13.9 

-0  37.7 

+4  1.6 

-5  7.9 

+  7  36.0 

+6  56.1 

-5  38.3 


-2 
+  1 
-5 

-7 

+5 


16.2 
52.6 
32.0 
48.0 
4.6 


+4  23.6 
+  1  3.0 
+  1  21.5 


an)  (Conlinued) 

h       m       8  o       '         " 

16  36    4.22  -53  45  58.0 

16  22  48.79  -54  29  23.0 

16  20  22.13  -54  35  .55.1 

15  54  .33.15  -55  19  43.4 

15  47  15.92  -55  24     6.3 

15  40  31.23  -55  24  56.9 

15  31  29.29  -55  21   11.5 

15  19  58.66  -55     7  21.5 

15     7  11.81  -54  37  40.1 

15     5  52..52  -54  33  34.1 

15     3  33.42  -54  25  39.1 

15     1     8.18  -54  10    4.4 

14  57  46.85  -54     1  50.3 

14  53  24..56  -53  38  30.8 

14  58  11.25  -51     9  44.1 

14  58  51.74  -51     9  2.5.4 


Comet  Tempel  II  1915  c 


+  14.02 
+  8.60 
+  16.74 

-  3.95 

-  4.19 
+  18.84 


-0  10.8 

+  2  30.7 

-5  10.7 

-3  46.1 

+5  59.7 

+  1  13.8 


0 

33 

0.99 

0 

36 

6.00 

0  42 

10.02 

0 

48 

12.13 

1 

28  44.05 

2 

16 

18.57 

— 

2     5  31.4 

— 

1  53  34.4 

— 

1  29  37.6 

— 

1     6  26.1 

+ 

1  23  52.6 

+ 

3  56  37.3 

9.5377 
9.8079 
9.5579 
9.7448 
9.7859 
9.3691 
9.9082 
9.8517 
9.9200 
9.9139 
9.3093 
9.6216 
9.9091 
9.9017 
9.8672 
9.8672 


9.6163n 
9.6076» 
9.6138n 
9.6125n 
9.5807?i 
9.4469n 


0.3(i59 

9.9086 

0.3807 

0.2138 

0.1077 

0.4586 

0.02.53/1 

9.5004 

0.4.546ft 

0.2944/( 

0.4446 

0.3245 

0.3172/1 

0.2672/i 

0.1955/1 

0.19.55/1 


0.6874/1 
0.6880/1 
0.6910H 
0.693 1/( 
0.7087/) 
0.7325/i 


Mean  Places  of.  Comparison  Stars. 


* 

a  1915.0 

Red.  to 
App.  PI. 

d  1915:0 

Red.  to 
App.  PI. 

Authority 

1 

Ii         in        8 

17  47     8.58 

+  2I52 

0              '           " 

-42  13  28.1 

-   2.2 

Cordoba  Zone  Catalogue  2994. 

2 

17  42  22.89 

+  2.83 

-44   18  40.4 

-   2.3 

Argentine  General  Catalogue  24117. 

3 

17  42  22.90 

+2.93 

-44  59  52.1 

-   2.1 

C.  Z.  2676. 

4 

17  40   14.67 

+  2.94 

-45     0  34.4 

-   2.3 

Connected  with  Star  3. 

5 

17  31  37.47 

+3.24 

-46  31  55.6 

-   2.7 

C.  Z.  1947. 

() 

17  33  22.22 

+3.23 

-46  35  53.5 

-   2.5 

Connected  with  Star  5. 

7 

17  28  25.20 

+3.45 

-47  49  13.8 

-  2.9 

ArgentiiM"  Ceneral  Catalogue  23790. 

8 

17  28  26.39 

+3.42 

-47  43  26.4 

-  2.8 

Connected  with  Slai-  7. 

9 

17  26  11.29 

+3.53 

-48  19  22.8 

-  3.2 

C.  Z.  1565. 

10 

17  25  .55.18 

+3.52 

-48  19  53.7 

-  3.3 

Connected  with  Star  9. 

11 

17  23  39.21 

+3.58 

-48  32  41.3 

-  3.5 

Cordoba  Zone  Catalogue  1394. 

12 

17  20  24.79 

+3.70 

-49  15  55.4 

-  3.8 

C.  Z.  1173. 

13 

17  19  20..52 

+3.69 

-49  10  32.5 

-  3.8 

C.  Z.  1103. 

14 

17  17  33.49 

+3.74 

-49  18  30.8 

-  4.1 

C.  Z.  992. 

15 

17  17  52.35 

+3.75 

-49  25  29.2 

-   4.0 

Connected  with  Star  14. 

16 

17  18  52.05 

+3.75 

-49  22  20.4 

-  4.0 

Argentine  Ceneral  Catalogue  23540. 

17 

17  18  19.64 

+3.75 

-49  27  11.8 

-  4.0 

Connected  with  Star  16. 
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Mean  Places  of  Comparison  Stars    (Continued) 


* 

a  191.5.0 

Red.  to 
App.  PI 

d  1915.0 

Red.  to 
App.  Pi 

. — t— 

Authority 

18 

h        m         s 

17  15  50.61 

8 

+3.81 

-49  40  38.6 

-   4.2 

Argentine  General  Catalogue  23462. 

19 

17  16  11.78 

.    +3.81 

-49  47  20.5 

-   4.2 

C.  Z.  898. 

20 

17  12  19.42 

+3.93 

-50  20  20.0 

-   4.6 

C.  Z.  610. 

21 

16  52    0.36 

+4.39 

-52  35  50.5 

-  7.7 

La  Plata  M.  0.*  C.  P.  D.  -52°  10360. 

22 

16  51     1.14 

+4.38 

-52  28  26.8 

-  7.8 

La  Plata  M.  0.     C.  P.  D.  -52°  10346. 

23 

16  50  13.33 

+4.43 

-52  36  46.3 

-  7.9 

La  Plata  M.  0.     C.  P.  D.  -52°  10335. 

24 

16  48  55.92 

+4.43 

-52  40  52.6 

-  8.0 

Connected  with  Star  23. 

25 

16  45  43.67 

+4.46 

-52  51  16.6 

-  8.5 

La  Plata  M.  0.     C.  P.  D.  -52°  10278. 

26 

16  46  24.91 

+4.46 

-52  54  35.1 

-  8.4 

Connected  with  Star  25. 

27 

16  40  53.78 

+4.57 

-53  29  59.8 

-  9.2 

La  Plata  M.  0.     C.  P.  D.  -53°  8176. 

28 

16  36  19.58 

+4.61 

-53  39  57.8 

-  9.6 

La  Plata  M.  0.     C.  P.  D.  -53°  8147. 

29 

16  35  35.18 

+4.65 

-53  49  51.3 

-10.1 

La  Plata  M.  0.     C.  P.  D.  -53°  8140. 

30 

16  22  32.68 

+4.72 

-54  21  56.5 

-12.6 

La  Plata  M.  0.     C.  P.  D.  -54°  7719. 

31 

16  19  46.70 

+4.78 

-54  35     4.4 

-13.0 

La  Plata  M.  0.     C.  P.  D.  -54°  7691. 

32 

15  54  20.18 

+4.88 

-55  23  27.3 

-17.7 

La  Plata  M.  0.     C.  P.  D.  -55°  6916. 

33 

15  45  55.18 

+4.82 

-55  18     1.3 

-19.2 

La  Plata  M.  0.     C.  P.  D.  -55°  6741. 

34 

15  46  29.09 

+4.83 

-55  18  39.3 

-19.1 

Connected  with  Star  33. 

35 

15  41     2.08 

+4.82 

-55  37     5.2 

-20.2 

La  Plata  M.  0.     C.  P.  D.  55°  6704. 

36 

15  40  55.40 

+4.81 

-55  32  12.8 

-20.1 

Connected  with  Star  35. 

37 

15  31  52..36 

+4.75 

-55  32  48.2 

-21.8 

La  Plata  M.  0.     C.  P.  D.  55°  6649. 

38 

15  31  45.59 

+4.74 

-55  27  45.9 

-21.7 

Connected  with  Star  37. 

39 

15  19  50.44 

+4.56 

-55     1  19.2 

-24.0 

La  Plata  M.  0.     C.  P.  D.  54°  6501. 

40 

15    6  42.42 

+4.32 

-54  34  57.8 

-26.1 

La  Plata  M.  0.     C.  P.  D.  54°  6385. 

41 

15    6    0.69 

+  4.31 

-54  35    0.4 

-26.3 

Connected  with  Star  40. 

42 

15     3  41.61 

+4.24 

-54  19  40.3 

-26.8 

Cordoba  Zones  49. 

43 

15     1  20.44 

+4.16 

-54     0  14.1 

-27.2 

La  Plata  M.  0.     C.  P.  D.  53°-6288. 

44 

15     1  13.95 

+4.16 

-54     1  49.1 

-27.3 

Connected  with  Star  43. 

45 

14  56  22.43 

+4.04 

-54     9  59.0 

-27.9 

La  Plata  M.  0.     C.  P.  D.  54°  6277. 

46 

14  57     9.74 

+4.04 

-54     6  27.1 

-27.8 

Connected  with  Star  45. 

47 

14  53  32.93 

+3.92 

-53  48  54.1 

-28.4 

La  Plata  M.  ().     C.  P.  D.  53°  6181. 

48 

14  53  22.77 

+3.92 

-53  42  26.0 

-28.4 

Connected  with  Star  47. 

49 

14  58  21.29 

+2.72 

-51  10  20.1 

-27.0 

Cordoba  Zones  3528. 

50 

0  33  52.16 

+0.86 

-  2  10  38.7 

+  8.1 

A.  G.  Zones  Strassburg  128. 

51 

0  32  46.11 

+0.80 

-  2     5  28.8 

+  8.2 

Connected  with  Star  50. 

52 

0  36  49.96 

+0.87 

-   1  59     2.6 

+  8.2 

A.  G.  Strassburg  145. 

53 

0  35  56.53 

+0.87 

-   1  55  56.9 

+  8.2 

Connected  with  Star  52. 

54 

0  41  34.33 

+0.89 

-   1  16     2.9 

+  8.4 

A.  G.  Nicolajew  134. 

55 

0  41  52.39 

+0.89 

-   1  24  35.2 

+  8.3 

Connected  with  Star  54. 

56 

0  48  33.63 

+0.91 

-  0  54  32.7 

+  9.0 

A.  G.  Nicolajew  162. 

57 

0  48  15.16 

+0.92 

-   1     2  49.0 

+  9.0 

Connected  with  Star  56. 

58 

1  30  44.62 

+  1.08 

+   1   19  17.1 

+  11.5 

A.  G.  Nicolajew  305. 

59 

1  28  47.16 

+  1.08 

+   1   17  41.4 

+  11.5 

Connected  with  Star  58. 

60 

2  14  56.94 

+  1.39 

+  3  49  17.6 

+  14.0 

A.  G.  Albany  654. 

61 

2  15  58.34 

+  1.39 

+  3  55    9.5 

+  14.0 

Connected  with  Star  60. 

*  M.  O.  stands  for  meridian  observations. 

All  comet  observations  of  Aa  have  been  made  by  direct  micrometer  measures. 
All  measures  have  been  corrected  for  ilifferential  refraction. 


La  Plata  Argentina,  April,  1916. 
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OBSERVATIONS  OF  COMET   1913  f  (delavan), 

MADE  WITH  THE  26-INCH   AND    12-INCH  EQUATORIALS  OP  THE  U.  S.   NAVAL  OBSERVATORY, 

[Communicated  by  Captain  J.  A.  Hoogewerff,  U.  .S.  Navj-,  Superintendent.) 


Date  AVash.  M.  T. 

* 

Comp. 

Aa 

A3 

App.  a 

App.  3 

logpA 
a             3 

Red.  to  App.  PI. 

1914                    h       m     s 

July   28  15  39  42 
Aug.  15  15    2  38 
Sept.    9  15  27  47 
Sept.  17  16  24  30 
Sept.  26  16  52  11 
Oct.     2  17    7  24 

1 

18.6 

III         s 

-0  36.57 

+2  55.3 

ti        m       s 

5  54  24.23 

+37  46  .57.2 

9.762n 

0.619 

+  1.56  +  5.5* 

2 

20,4 

-f  1  28.23 

+3    1.1 

6  56  51.20 

+43  52  27.8 

9.801/i 

0.638 

+  2.04  +   1.2* 

3 

25,  5 

-1  21.64 

-7    4.7 

9  19  46.22 

+49  .5()42.1 

9.S46/(  1  0.643 

+2.19  -   8.4* 

4 

25,5 

-fl  42.16 

-1  19.5 

10  20  19.18 

+49  30  26.7 

9.S47H  1  0.579 

+  2.03  -11.3* 

5 

25,5 

+3  28.53 

+  1  27.9 

11  28  46.80 

+46  45  10.4 

9.823ft 

0.612 

+  1.72  -13.5t 

6 

25,5 

-134.31 

+  5  12.4 

12  10  53.14 

+43  38  .52.6 

9.799n 

0.639 

+  1.52  -M.lt 

Oct.    23    7    0  10 

7 

25,5 

+2  48.27 

-3  15.9 

14    0  16.13 

+28  45  .59.3 

9.699 

0.760 

+  1..36  -14.7t 

Oct.    30    6  42  24 

S 

15,  3 

-2  36.32 

+6    7.8 

14  26  41.00 

+  23  24  44.1 

9.687 

0.750 

+  1.39  -14.6t 

Oct.    31    6  25  27 

9 

35,  7 

+  1  25.96 

+2  19.1 

14  30    5.71 

+  22  40  20.6 

9.690 

0.737 

+  1.41  -14.8t 

1915 

Jan.    20  18    0  54 

10 

25,5 

+4  28.13 

+  1  23.4 

17  12    0.05 

- 17  28  48.8 

9..552/( 

0.821 

-0.20  -  8.5t 

Observers:    *C.  B.  Watts,      fH.  E.  Burton. 

Observations  on  July  28,  August  15  and  January  20  were  made  with  26-inch,  the  others  with  12-inch  equatorial. 


1 
2 
3 

4 
5 


Mean  Places  of  Comparison  Stars  for  the  Beginning  of  the  Year 


5  54  59.24 

6  55  20.93 
9  21  5.67 

10  18  .34.99 

11  25  16.55 


+37  43  56.4 
+43  49  25.5 
+  50  3  55.2 
+49  31  .57.5 
+46  43  .56.0 


Authority 


A.G.  Lund 
A.G.  Bonn 
A.G.  Camb. 
A.G.  Bonn 
A.G.  Bonn 


3046 
5680 
(U.S.)3392 
7590 
8069 


6 
7 
8 
9 
10 


25.93 


h   n 

12  12 

13  57  26.50 

14  29  15.93 
14  28  38.34 
17  7  32.12 


+43  33  54.3 
+  28  49  29.9 
+  23  18  50.9 
+  22  38  16.3 
- 17  30  3.7 


Authority 


A.G.  Bonn  8423 

A.G.  Camb.fEng.)  6690 
A.G.  Berlin  B.  5098 
A.G.  Berlin  B.  5095 
A.G.  Washington    6153 


July 

28. 

Aug. 

1.5. 

Sept. 

9. 

Sept. 

17. 

Sept. 

26. 

Oct. 

2. 

Oct. 

23. 

Oct. 

30. 

Oct. 

31. 

Jan. 

20. 

NOTES 

Very  i)right  nucleus  anil  conspicviou.s  tail.     Seeing  poor. 

Very  bright  nucleus  and  conspicuous  tail.     Seeing  poor.     Hazy. 

Very  l)right  nucleus.     Smooth,  well  defined  tail.     Seeing  poor. 

Appearance  similar  to  that  on  Sept.  9.     Estimated  magnitutl(>  of  nucleus  4  to  4.5. 

Bright  nucleus.     Seeing  fair.     Chronograph  record  poor. 

Seeing  good.     Haze.     Chronograph  record  poor. 

Seeing  poor.     Chronograph  record  jjoor. 

Star  very  faint  during  part  of  observation.     Seeing  poor. 

Seeing  fair.  . 

Fairly  l)riglit' nucleus  and  faint  tail.     Barely  visible  in  5-inch  finder.     Seeing  poor. 


Seeing  poor. 
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MASS-RATIOS   IN   VISUAL   BINARY   STARS, 

By  G.  van  BIESBROECK. 


In  recent  years  several  successful  attempts  have  been 
made  to  find  the  masses  of  binary  stars.  Combining 
visual,  spectroscopic  and  even  photometric  measures 
or  the  fairly  well  known  parallaxes  of  some  of  them 
the  linear  dimensions  have  been  determined  in  a  num- 
ber of  binaries  and  consequently  we  have  good  approx- 
imations to  the  total  mass  of  the  system.  The  ques- 
tion that  we  are  considering  here  is  another  one: 
namely,  the  partition  of  that  total  mass  among  the 
two  components  opening  thus  a  way  to  find  masses 
of  individual  stars.  The  solution  of  this  problem  is 
found  by  measuring  the  fraction  of  the  total  relative 
motion  that  is  to  be  attributed  to  each  or  at  least  to  one 
of  the  components.  It  is  a  very  simple  one  theoreti- 
cally. Let  us  call  .4  and  B  the  masses  of  the  two  com- 
ponents of  a  binary,  A  referring  to  the  brighter  one 
or  the  one  that  is  taken  as  the  origin  for  the  relative 
motion.  Consider  their  absolute  positions  (eventually 
corrected  for  parallax,)  on  the  celestial  sphere.  We 
measure  these  positions  from  a  fixed  origin  and  in  a 
certain  fixed  direction,  be  it  in  riglit  ascension,  in 
declination,  or  in  any  other  chosen  direction.  We  will 
suppose 

A^  B  =  \  . 

the  masses  meaning  then  the  fractions  of  the  mass  of 
the  system  that  belongs  to  each  component.  We  will 
call  a  and  6  the  absolute  coordinates  of  the  two  com- 
ponents—  if  necessary  corrected  for  parallax  —  and  r 
the  relative  coordinate, — B  relative  to  A, — at  the  same 
time  t.     Then  we  shall  have: 

a  =  p.1  -  (\  -  A)r  +  K     or     h  =  ^J.  +  Ar  +  K 

with  the  condition  r  =  C  —  a. 

In  these  relations  n  represents  the  proper-motion  of  the 
center  of  gravity  of  the  system,  measured  also  along 
the  same  direction  as  the  one  chosen  for  a  and  C;   K  is 


a  constant  term  depending  on  the  initial  conditions. 
From  measures  of  one  or  other  of  the  components  at 
different  epochs  we  deduce  linear  equations  of  condi- 
tion containing  the  three  unknowns:  m,  A  and  K,  and 
we  see  that  there  will  be  no  indeterminateness  in  the 
problem  as  long  as  there  is  no  proportionality  between 
r  and  t.  Three  sufficiently  distant  epochs  will  fulfill  all 
requirements  in  such  a  case. 

The  question  is  further  simplified  in  the  majority  of 
the  stars  to  be  considered  because  ti  is  sufficiently  well 
known  from  a  long  series  of  meridian  observations.  If 
so  two  unknowns  only  are  to  be  considered:  A  and  K. 
Two  epochs,  let  us  call  them  1  and  2,  will  furnish  all 
the  required  data.  From  the  equations  in  C  for  the 
two  epocLs  we  find: 


A  = 


M  ih  -  h)  -  {C,  -  Ci) 

'"2   —    '"l 


The  best  determination  of  A  will  be  obtained  when  the 
denominator  r^  —  ri  is  as  large  as  possible.  That  con- 
dition fixes  the  most  advantageous  direction  for  the 
measurement.  The  relative  displacement  r-,  —  /j,  will 
be  a  maximum  when  the  measures  are  made  in  a  direc- 
tion nearly  parallel  to  the  relative  displacement  be- 
tween the  two  epochs.  If  for  instance  at  the  time  con- 
sidered the  companion  is  moving  principally  in  declina- 
tion relative  to  the  principal  star  the  measures  in 
declination  will  give  the  best  possible  result.  Measures 
in  right  ascension  would  be  of  no  value,  as  in  that  case 
the  denominator  in  the  relation  giving  A  will  be  nearly 
equal  to  zero. 

We  see  that  the  mass  A  is  given  as  a  simple  ratio  of 
directly  measured  quantities,  and  does  not  contain  the 
elements  of  the  orbital  motion  of  the  binary  considered 
when  the  two  components  can  be  measured  so  as  to  give 
the  values  of  r.  Even  when  the  period  is  entirely  un- 
known the  formula  can  give  good  results  provided  the 
relative    motion,    that   enters   in   the    denominator,    is 

(173) 
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large  enough  during  the  time  covered  by  the  two  epochs. 
The  influence  of  an  error  in  the  assumed  proper-motion 
will  be  small  if  the  interval  of  time  ^2  —  'i  is  relatively 
short,  but  as  the  differences  Co  —  Ci,  and  r-.  —  ;'i, 
become  small  at  the  same  time  the  highest  accuracy 
is  required  in  the  measurement  of  these  quantities. 
For  that  purpose  measures  of  photographs  obtained 
with  long-focus  instruments,  such  as  are  used  in  stellar 
parallax  work,  give  an  enormous  advantage  over 
meridian  or  visual  micrometer  work.  Aitken  briefly 
called  attention  to  that  point  when  he  published  his 
"Observing  List  for  the  Determination  of  the  Relative 
Masses  in  Visual  Binary  Systems,"  [Lick  Obs.  Bull. 
No.  208,  Vol.  VII,  p.  7].  It  is  the  aim  of  this  note  to 
present  some  results  obtained  from  plates  available  at 
this  observatory,  most  of  them  not  taken  for  this  par- 
ticular purpose.  The  striking  advantage  of  photogra- 
phy in  this  case  is  shown  especially  by  the  small  num- 
ber of  years  required  for  obtaining  data  that  are  far 
superior  to  long  series  of  meridian  or  micrometric  ob- 
servations where  personal  and  systematic  errors  conceal 
most  of  the  small  displacements.  In  photographic 
work  the  determinations  can  be  made  in  a  purely 
differential  way,  as  is  clone  in  parallax  work,  and  the 
chances  of  vitiating  the  results  by  systematic  or  per- 
sonal errors  are  reduced  to  a  minimum. 

In  looking  over  the  plate  material  available  at  this 
observatory,  a  number  of  stars  were  found  where  de- 
terminations of  relative  masses  seemed  possible.  By  a 
more  careful  consideration  of  the  observational  data 
some  of  these  stars  had  to  be  discarded  for  various 
rea.sons,  the  most  frequent  one  being  the  shortness  of 
time  covered  by  the  plates;  in  other  cases  the  two 
components  were  sufficiently  bright  to  (iroduce  an 
image,  but  their  distance  was  too  small  (such  as  0  — 
235,  ^  Scorpii,  j3  80)  making  measures  on  the  individual 
components  difficult.  In  some  instances  (61  Cygni, 
2' 2398,  .  .)  the  time  covered  by  the  plates  was  large 
enough  so  far  as  the  relative  motion  is  concerned,  but 
as  in  such  cases  the  proper-motion  of  the  center  of 
gravity  cannot  be  assumed,  longer  intervals  of  time 
proved  to  be  necessary.  •  Finally  four  binary  stars 
were   retaiuecl   as   is    illustrated    hereafter.     The    first 


star  is  a  case  where  the  period  is  still  very  doubtful 
and  where  the  relative  motion  was  found  from  the 
measures  of  the  companion.  For  the  three  other 
systems  generally  onl.y  one  component  could  be  meas- 
ured —  at  least  at  the  time  when  the  plates  were  taken 
—  so  that  the  elliptic  elements  of  the  motion  had  to 
be  taken  from  the  best  sources.  For  the  last  star  it 
was  found  necessary  to  recompute  better  elements  of 
the  orbital  motion  for  establishing  the  coefficients  in 
the  equations  of  condition. 

7j  Cassiopeiae  2  60  (3™. 6  -  7"". 9) 
0'>  43'"         +57°  17'         (1900) 

As  a  first  application  of  the  preceeding  remarks  we 
consider  this  well  known  system,  that  has  been  ob- 
served many  years.  The  period  is  long  and  still  un- 
certain by  at  least  a  century.  The  relative  motion  in 
recent  years  was  larger  in  right  ascension  than  in 
declination.  But  as  we  found  on  hand  among  the 
unfinished  series  of  parallax-plates  taken  for  this  star, 
two  good  plates  separated  by  an  eleven  j'ear  interval 
the  relative  motion  was  thought  to  l)e  large  enough  in 
both  coordinates.  The  two  plates,  which  show  meas- 
urable images  of  both  components,  were  therefore 
measured  in  both  right  ascension  and  declination,  so 
as  to  yield  two  independent  determinations. 

The  following  plates  have  been  used: 


Number 

Date 

Gr.  M.T. 

P.irallax  Factjrs 
In  a           In  3 

Schles.  473 
TT  2194 

1904  Sept.  26      17''  44"' 
1915  Aug.   18     20   44 

+  0.161 
+0.678 

-0.839 
-0.479 

As  the  proper-motion  of  this  star  is  large  in  both  co- 
ordinates, it  is  important  to  orient  the  plate  carefully: 
this  was  done  by  means  of  .4G  stars  reduced  to  the 
mean  of  the  two  dates  1910.2.  Five  comparison  stars 
have  been  used  and  the  measures  reduced  i)y  the  de- 
pendence method.  The  solutions  or  measured  dis- 
placements of  the  two  components  were  found: 


Measuhed  Displacement 

Corrected  for  Pahall.w 

Prineipal  Star                     Coniijanion 

Prinoipal  Star 

Coiiipanion          | 

1  n  right  ascension 
In  declination 

+  12".81 

-  5  .99 

+  10".51 
-   4  .40 

+  12". 72 
-   6  .05 

+  10". 4  2 

-   5  .69        1 

For  the  parallax  we  adoiitcd  Peter's  value  ()".1S  de- 
duced frf)m  heliometer  measures.  From  i)hot(igrapliic 
detcnniii.'ilioiis  Hisskll  found  0".19.     Finally  fur  tin' 


l)i(ip(r-iiiiit  iiiii  of  the  system  we  have  adojited  the 
values  given  in  Boss'  /'.  (i.  ('.  The  corres]>on(lini! 
displacements  in   tlif    1(1"<197     years'   interval   between 
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the  two  plates  are  given  at  the  same  time: 
Proper  motions  (1910.2)       5 
From  these  data  we  find: 


IX    =  +0M392 
/  =  -0".523 


Displacements 


^     +12". 
I    -   5". 


2". 28 
69 


+  12.28  -  10.42 
-•1   =    — ttt:^ ,^  .f)    =   0.81  trom  right  ascensions 


.4    = 


12.72  -  lO.. 

-  5.69  +  4.46 

-  6.05  +  4.46 


Mean  0.79 


0.77  from  declinations 


As  only  one  plate  has  been  used  for  each  epoch  the 
agreement  must  be  considered  as  satisfactory.  A 
larger  number  of  plates  taken  so  as  to  avoid  or  to  de- 
termine the  parallax  would  give  a  higher  weight  to  the 
result.    ■ 

As  far  back  as  1881  L.  Struve  (Melanges  Math,  et 
Aslr.,  Vol.  V)  found  from  a  discussion  of  the  meridian 
observations  compared  with  the  contemporaneous  mi- 

crometric  measures  -r  =  0.268  or  A  =  0.789.     A  later 
A 

discussion  bv  T.  Lewis  {Mem.  R.  A.  S.,  Vol.  LVL  p.  18) 

B 


gives  ^   = 


^  or  .4  =  0.67. 

A  more  thorough  discussion  of  meridian  observations 
has  been  made  by  L.  Boss,  as  is  found  in  the  appendix 
of  his  P.  G.  C.  (p.  264) : 

From  right  ascensions  ^4  =  0.38         (Weight  60)  > 

From  declinations  A  =  0.71  (Weight  85)  > 


whence  he  adopts  0.57,  but  the  result  is  considered  as 
very  uncertain  "owing  to  the  independence  of  the  ex- 
pressions for  orbital  and  proper-motion  respectively." 
In  the  present  determination  the  proper-motion  was 
assumed;  a  possible  error  in  this  value  can  however 
have  only  a  small  influence  on  the  result  because  of  the 
shortness  of  the  time  covered. 

70  Ophiuchi  I  2272  (4".3-5".8) 
IShQm         -f-2°31'         (1900) 

The  parallax  of  this  binary  (tt  =  0".21)  has  been 
measured  by  Slocum  (Aph.  J.  41,  241).  The  plates 
measured  by  him  covering  too  short  an  interval  of  time 
for  the  present  purposes,  I  have  taken  two  additional 
plates  in  1916,  the  earlier  epoch  being  made  up  of  four 
plates  as  seen  in  the  following  table: 


Plate  No. 

Date 

Time  in  Decimal 
Fraction  of  Year 

Solution   (Right  Ascension) 

Correction  for 
Parallax 

Principal  Star 

Companion 

247 

1910 

Apr. 

10 

1910.274 

0.371 

-0.074 

272 

10 

July 

30 

10.577 

0.326 

+  0.048 

410 

11 

Apr. 

22 

11.306 

0.458 

1.124 

-0.067 

468 

11 

Aug. 

19 

11.631 

0.327 

+  0.066 

2533 

1916 

Mav 

3 

1916.339 

0.685 

1.871 

-0.058 

2534 

16 

May 

3 

16.339 

0.687 

1.873 

-0.058 

The  measures,  the  result  of  which  is  given  in  values 
of  the  revolutions  of  the  screw  (1  R  =  2". 665)  in  the 
column  "Solution,"  were  made  in  right  ascension  only, 
the  motion  being  small  in  declination  between  the  first 
and  last  epoch.  The  proper-motion  of  the  system  is 
so  well  known  that  it  ought  not  to  be  introduced  as  an 
additional  unknown.  Its  value  was  taken  from  Boss' 
P.  G.  C.  and  is  based  on  a  series  of  meridian  observa- 
tions covering  a  longer  time  than  the  period  of  revolu- 
tion, so  that  the  uncertainty  of  the  position  of  the  cen- 
ter of  gravity  has  but  Httle  influence. 


In  the  present  series  of  plates  the  apparent  magni- 
tude of  70  Ophiuchii  was  reduced  by  about  five  mag- 
nitudes by  means  of  the  rotating  sector.  This  made  the 
image  of  the  companion  weak  and  difficult  to  measure 
unless  the  plates  were  exceptionally  good.  This  image 
was  well  measurable  on  only  one  of  the  earlier  plates. 
Instead  of  using  it  to  find  the  relative  position,  upon 
which  depends  the  coefficients  of  the  mass  in  the  equa- 
tions of  condition,  it  was  thought  advisable  to  deduce 
them  from  Lohse's  elliptical  elements  as  given  in 
Publik.  de.s  A.stroph.   Obs.   Potsdam,   Vol.   XX,  p.    146. 
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For  tht"  five  dates  considered  we  have: 


e  (1900.0) 

1910.274 

153°.59 

1910.577 

152  .61 

11.306 

150  .44 

11.631 

149  .55 

16.339 

139  .73 

p 
3".425 
3   .505 
3  .693 

3  .775 

4  .845 


The  direction  of  the  measurement  on  the  phites  is 
that  of  a  trail  on  the  first  plate  used.  The  computed 
position-angles  have  been  corrected  for  precession 
(-0°.06)  from  1900  to  that  first  date.  Hence  the 
relative  positions  r  =  p  sin  6  expressed  in  the  same 
unit  as  the  measured  quantities  become: 


a  Corrected 

for  TT 

C  Corrected 
for  JT 

fit 

r 

+  0.297 

+0.206 

+0.573 

0.370 

.055 

.606 

0.391 

+  1.057 

.125 

.685 

0.393 

.156 

.719 

0.627 

1.813 

.607 

1.177 

0.629 

1.815 

.607 

.177 

The  six  equations  of  condition  for  the  ])rincipal  star 
give: 

,4  =  0.53  ^  ().02 

An  independent   determination  from  the  measures  of 
the  companion: 

A  =  0.56 

is  entitled  to  much  less  weight  because  only  one  earlier 
plate  is  available. 

Previous  determinations  by  A.  Prev  [.4.s^-.  Xachr., 
Vol.  CLXV,  p.  158  (1904)]from  meridian  observations 
1821  —  1894  had  given: 

From  right  ascensions     A  =  I  —  Z  =  0.19 
From  declinations  0.27 

From  both  0.20 

CoMSTOCK  [Astr.  Nachr.,  Vol.  CLXWIII.  p.  IS 
(1908)1  from  an  independent  discussion  of  the  meridian 
observations  shows  that  one  of  PrtF.v's  normal  iilaces 
is  in  error,  and  finds: 


B  =  0.456     or     A 
B  =  0.507     or     .4 


0.544     from  right  ascensions 
0.493     from  declinations. 


About  the  same  time  Lau  [Bull.  Astr.,  Vol.  XXV, 
p.  141  (1908)]  comes  to  a  similar  conclusion  about 
Prey's  computation  and  finds  from  a  discussion  of 
micrometric  measures  of  two  stars  in  the  vicinit.y: 


From  Star  a 
From  Star  C 


A  =  0.63    ±0.12 
A  =  0.69   ±0.18 


L.  Boss  finds  the  following  values  in  the  appendix 
of  the  P.  G.  C,  p.  275: 


From  right  ascensions 
From  declinations 


A  =  0.52   ±0.02 
A  =  0.58   ±0.03 


It  is  seen  that  the  present  photographic  result  con- 
firms entirely  this  last  value.  Although  based  on  only 
six  plates  covering  a  six  year  interval  of  time,  the 
probable  error  is  as  small  as  the  one  that  resulted  from 
the  elaborate  discussion  of  the  long  series  of  meridian 
observations. 

T  Cygni,  A.  (;.  C.  13  (3".8  -  7".4) 
21'- 11-     +37°  37'     (1900) 


The  brightness  of  the  two  components  of  this  binary 
differ  by  about  four  magnitudes.  The  image  of  the 
system  on  the  parallax-plates  is  built  up  by  the  brighter 
component  only.  The  relative  motion  has  been  largely 
in  declination  during  the  time  covered  and  consequently 
the  plates  have  been  measured  in  that  direction  only. 
The  reductions  are  shown  in  the  table  following. 

The  parallax  of  this  star  is  small.  The  value  -  = 
0".006  ±0".016  by  Slocum  and  Mitchell  [Aph.  ./., 
Vol.  XXXVIII.  p.  23  (1913)1  has  been  adopted  in  com- 
puting the  corresponding  small  correction.  The  prop- 
er-motion is  taken  from  the  P.  G.  C:  yt'  =  +0".427. 

The  corrected  measures,  converted  into  seconds  of 
arc,  are  given  under  a.  The  last  columns  give  the 
orbital  motion  in  declination  as  resulting  from  two 
recent  sets  of  elements:  the  first  column  is  deduced 
from  Aitken's  Elements  [Puhl.  Lick  Obn.,  Vol.  XII, 
p.  161,  (1914)1  the  last  one  from  Abetti's  Elements 
[Mem.  Spett.  Itnl.,  Vol.  I,  p.  178  (1912)1.  Some  of  tlu^e 
elements  are  quite  different:  c.  (/.,  c  =  0.22  in  the 
former,  e  =  0.3(i  in  the  latter.  Vet  at  the  present 
time  the  difference  between  the  two  systems  is  small 
for  a  star  always  difficult  to  measure.  However,  re- 
cent observations  favor  Aitken's  orbit. 
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Plate  No. 

Date 

Solution 
in  Declination 

Correction 
for  TT 

Correction 
for  y. 

(I  resulting 
in  seconds 

Orbital  Motion  r 
I                      11 

39 

1907  Oct.    12 

-0.418 

-0.001 

+  0.500 

+0".216 

0".200 

0".194 

112 

09  Sept.  18 

-0.092 

-    .001 

+  0.190 

.259 

.378 

.377 

259 

10  June  18 

+  0.022 

-    .002 

+  0.070 

.240 

.443 

.444 

268 

10  June  25 

+  0.056 

-    .002 

+  0.067 

.322 

.444 

.446 

299 

10  Sept.    9 

+  0.078 

-    .001 

+  0.033 

.293 

.464 

.465 

793 

12  June  22 

+0.398 

-    .002 

-0.253 

.381 

.605 

.606 

794 

12  June  22 

+  0.394 

-    .002 

-0.253 

.370 

.605 

.606 

797 

12  June  23 

+  0.398 

-    .002 

-0.253 

.381 

.605 

.006 

2573 

1916  June     4 

+  1.083 

-    .002 

-0.886 

0  .520 

0   .850 

0   .913 

The  mass-ratio  has  been  computed  under  both 
assumptions.  The  same  weight  was  given  to  all  the 
plates ; 


From  Aitken's  Elements 
A  =  0.52  ±  0.03 


From  Abetti's  Elements 
A  =  0.55  ±  0.03 


A  preliminary  solution  from  the  first  eight  plates  had 
given  in  both  cases: 

A  =  0.56    ±0.04 

Considering  that  Aitken's  elements  seem  to  be 
nearer  to  the  truth  we  adopt  as  a  final  value: 

A  =  0.53 

From  a  discussion  of  the  measures  of  a  C  star,  ob- 
tained by  0.  Struve  (1851)  and  Comstock,  (1903) 
H.\DLEY  finds  {Pop.  Asir.  13.325) 

From  right  ascensions     A  =  \  —  I:  =  0.570  ±  0.450 
From  declinations  A  =  I  -  k  =  0.832  ±  0.359 

In  the  paper  of  Abetti,  cited  above,  we  find  an 
interesting  discussion  of  the  measures  of  two  distant 
companions  C  and  D  that  have  been  measured  re- 
peatedly, for  thirty-five  and  sixty-one  years,  respec- 
tively, with  the  purpose  of  finding  the  mass-ratio  and 
the  motion  of  the  center  of  gravity.  His  results  for 
A  are: 


P>om  right  ascensions 
From  declinations 


From  (' 
0.47    ±0.39 
0.19    ±0.40 


From  D 
0.51  ±0.28 
0.47  ±0.29 


These  probable  errors,  compared  with  those  of  the 
photographic  determinations,  illustrate  well  the  ad- 
vantage of  the  latter  method.  In  a  much  shorter 
time  —  nine  or  even  five  years  —  values  of  decidedly 
higher  accuracy  are  obtained  in  the  present  case.  The 
interval  of  time  is  small  enough  for  considering  ^  as  a 
known  quantity,  while  in  the  discussion  of  micrometric 
measures  covering  a  long  interval  of  time,  it  is  not 
possible  to  take  advantage  of  that  circumstance. 

85  Pegasi  =  H  733  (5".8  -  11".0) 
23'>  57™         +26°  33'         (1900) 

This  is  another  binary  star  where  the  difference  of 
magnitude  between  the  two  components  is  very  large, 
so  that  only  the  brightest  component  appears  on  the 
plates.  Slocum  and  Mitchell  [Aph.  J.,  Vol.  LXI, 
p.  243  (1915)1  have  discussed  these  for  parallax,  but  the 
plates  that  they  have  used  cover  an  interval  of  less 
than  two  years.  However  fast  the  motion  of  the 
system  (the  period  is  less  than  twenty-seven  years) 
that  interval  is  too  short  for  producing  a  measurable 
displacement.  Therefore,  we  have  taken  as  a  first 
epoch  two  early  plates  that  have  not  been  used  in  the 
parallax  discussion.  The  orbital  motion  being  almost 
as  large  in  right  ascension  as  in  declination  between  the 
two  considered  epochs,  the  following  plates  have  been 
measured  in  both  coordinates: 


Plqfp   Nn 

T~)itp 

Right  Ascension 

DECLIN.iTION 

Solution 

Correction  for  w    Correction  for  ii 

Solution 

Correction  for  it 

Correction  for  M 

134 

1909  Oct.    30 

-3".475 

+0".048 

0".000 

+  3".887 

-0".012 

0".000 

157 

1909  Nov.  13 

-3   .448 

+0   .060 

-0  .032 

+  3   .857 

-0   .000 

+  0    .038 

1323 

1913  Julv    24 

-0   .550 

-0   .066 

-3  .113 

-0  .638 

-0   .046 

+  3  .680 

1324 

1913  July    24 

-0   .564 

-0   .066 

-3   .113 

-0  .588 

-0   .046 

+  3   .680 
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The  plates  were  measured  in  the  direction  of  the 
equator  for  1900.0  which  was  found  by  comparison 
with  the  rectangular  coordinates  from  the  Oxford 
Asirographic  Catalogue.  The  parallax  tt  =  0".084  was 
adopted  from  the  paper  referred  to.  The  proper- 
motion  was  taken  from  Boss'  P.  G.  C.  Taking  the 
means  of  the  two  earlier  and  the  two  later  plates,  we 
find: 

Right  Ascension  Declination 

1909.849  -3".423  -|-3".88.5 

1913.563  -3  .730  +4  .245 

Displacement         -0  .313  +0  .360 

The  companion  not  being  measurable  on  the  plates 
the  total  orbital  motion  is  either  to  be  taken  from  mi- 
crometric  measures,  or  to  be  computed  from  the  elliptic 
elements  if  these  are  sufficiently  well  known.  The 
measures  of  this  important  star  are  scarce  and  liable 
to  be  largely  in  error  because  the  star  is  always  a 
difficult  object. 

Recent  observations  have  shown  that  the  best 
elements  available  need  revision.  Using  all  the  availa- 
ble measures  up  to  1915,  I  have  deduced  the  following 
elements : 


P  =  26.70  years 
T  =  1909.88 
e  =  0.390 
a  =  0".81 


(n  =  +13°.483) 
n  =  281  .2 
o)  =    98  .6 
/  =     52  .8 


On  account  of  the  character  of  the  observational 
material  only  position  angles  have  been  used  in  the 
discussion,  the  major-axis  being  adjusted  afterwards 
so  as  to  represent  as  well  as  possible  the  very  discord- 
ant distances. 

Measures  of  the  radial  velocity  at  this  observatory 
by  Professor  Frost  show  larger  discordances  than 
would  be  expected  in  a  star  of  this  type.  This  induced 
him  to  suspect  the  brighter  star  of  being  a  spectroscopic 
binary  [A-ph.  J.,  Vol.  XXV,  p.  59  (1907)K  The  ques- 
tion is  still  open,  but  as  the  velocities  indicate  a  change 
towards  the  positive  side  in  the  last  ten  years,  the 
ascending  node  of  the  visual  orbit  must  be  placed  in 
the  fourth  quadrant. 

The  elements  represent  all  the  observations  as  well 
as  could  lie  expectetl  at  present.  Although  the  posi- 
tion angle  has  changed  by  about  580  tlegrces  since  the 
discovery  by  Burnham  in  1878,  some  of  the  elements 
are  still  very  uncertain,  due  mainly  to  the  lack  of  ob- 
servations near  periastron.  Rough  as  they  are,  these 
elements  will  give  a  fairly  good  value  of  the  relative 


motion  during  the  four  years  covered   by  the  jilates. 
We  find  for  the  two  epochs: 

.  In  Right  In 

.\scen.sion     Declination 

1909.849  33°  35'         0".303       -|-0".168     +0".253 

1913.563  118°  53  0   .695        -|-0   .609     -0   .336 


Relative  change 


+  0  .441      -0  .589 


Hence  the  value  of  the  mass  of  the  principal  star: 

^  .  ,  .        0.441  -  0.313 

from  right  ascensions     A  =  (TTTj ~  ^--^ 


TT  1     1-     .•  .        0-589  -  0.360        ^.^,^ 

l<roin  declinations  -4  =   „  .„,. =  0.39 

O.ooy 


A  large  part  of  the  uncertainty  of  these  figures  is 
probably  due  to  the  defects  in  the  adopted  orbit.  The 
first  epoch  corresponds  very  nearly  to  the  time  of 
periastron,  when  the  angular  motion  is  very  rapid 
(over  50°  a  year).  A  slight  error  in  the  time  of  peri- 
astron passage  will  change  specially  the  right  ascension 
by  an  appreciable  quantity,  so  that  the  first  value 
deserves  the  lesser  weight,  diving  double  weight  to 
the  second  value  we  find  the  resulting  value: 

.4  =  0.36 

The  mass-ratio  of  this  system   has   already   been  in- 
vestigated several  times: 

From  measures  of  the  position  of  a  distant  star  (\ 
CoMSTOCK  [.l/)/(.  ./.,  Vol.  XVII,  p.  220  (1903)1  deduces: 

From  right  ascensions         A  =  0.396  )      j   _  .)  osi 
From  declinations  .4   =  0.369  ) 

In  Mem.  h'.A.  Soc..  Vol.  L\l.  p.  21,  Lewis  .states 
that  from  a  discussion  of  meridian  observations,  it  was 
found  that 

A  =  0.20  (Lkwi>.)  .1   =  0.25  (I-Vrner) 

About  the  same  time  Bowveu  and  Fih.nek  givi-  in 
detail  the  discussion  of  meridian  olwervations  {Monlhhi 
Not.,  Vul.  I, XVI,  p.  425.  (1906)1  and  deduce: 

From  right  ascensions         .4   =  0.15 
Iruiii  declinations  .4   =  0.24 
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From  a  discussion  of  the  measures  of  the  C  star  the 
same  authors  give: 

From  right  ascensions         A  =  0.26 
From  declinations  A  =  0.29 

The  more  recent  discussion  l).y  L.  Boss  gave  {P.  G.  C, 
p.  278): 

From  right  ascensions  A  =  0.49    ±0.16 

From  dechnations  A  =0.16    ±0.20 

But  he  accepts  reluctantly  the  conclusion  that  the 
brighter  component  has  the  smaller  mass.  "There  is 
no  other  instance  in  which  it  has  been  possible  to 
demonstrate  with  a  strong  preponderance  of  proba- 
bility that  the  fainter  component  of  a  l)inar.y  star  has 
the  greater  mass,  while  the  strong  natural  inference 
must  be  in  favor  of  greater  mass  for  the  brighter  com- 
ponent, especially  when  the  discrepanc.y  in  brightness 
is  very  great,  as  in  the  present  instance.  Accordingly, 
it  is  here  assumed  that  the  two  masses  are  sensibly 
equal " 

The  photographic  result  unciuestionably  confirms  the 
small  mass  of  the  brighter  component,  that  had  been 
found  repeatedly  by  earlier  investigators. 

As  a  result  of  the  parallax-campaign  started  here 
by  ScHLESiNGEH  it  Can  be  considered  that  the  plates 
taken  with  the  40-inch  telescope  give  semi-absolute 
positions;  i.  e.,  referred  to  a  number  of  faint  compari- 
son stars  considered  as  a  fixed  background,  with  a 
probable  error  of  about  0".03  from  one  plate.  Analo- 
gous results  have  been  found  with  other  large  instru- 
ments. Not  considering  the  influence  of-  proper-mo- 
tion we  see  that  if  the  relative  motion  in  the  time  cov- 
ered by  the  plates  is  only  0".50,  the  probable  error  of 
the  determination  of  A  will  lie  about  6%:  a  very 
small  amount,  considering  the  nature  of  the  problem 
and  the  results  obtained  so  far  in  this  direction. 

We  have  collected  in  the  following  list  a  number  of 
stars  where  conditions  seem  to  be  favorable  for  a  suc- 
cessful determination  of  mass-ratio.  The  list  was 
limited  to  stars  where  the  motion  is  fast  enough  to 
yield  measurable  quantities  by  the  photographic  meth- 
od after  a  relatively  short  interval  of  time  (ten  or 
fifteen  years).  Besides  this  limit  of  time  resulting 
from  the  slowness  of  the  motion,  we  have  adopted 
l".5  as  the  limit  of  difference  of  magnitude,  inside  of 
which  it  is  unsafe  to  assume  that  the  companion  does 
not  interfere  with  the  image  of  the  principal  star  when 
the  distance  is  small,  for  instance,  less  than  1".  For 
large  distances  there  is,  of  course,  no  limitation  of  that 
kind. 


The  successive  columns  give  the  names  of  the  stars 
and  their  position  for  1900,  the  magnitudes  of  the 
components  and  the  observatories  where  the  star  is  on 
the  parallax  program  [Public,  of  the  American  Astr. 
Society.  Report  of  the  committee  on  stellar  paral- 
laxes, Aug.  (1915)].  The  observatories  are  designated  as 
follows : 


A 

Allegheny 

S 

Sproul 

D 

Dearborn 

w 

Mount  Wilson 

M 

McCormick 

Y 

Yerkes 

The  two  last  columns  give  the  number  of  years  re- 
quired for  obtaining  a  minimum  orbital  displacement 
of  about  0".50,  both  in  right  ascension  and  declination. 
This  shows  after  what  lapse  of  time  and  in  what  direc- 
tion of  measurement  good  results  are  to  be  expected. 
In  some  of  the  more  rapidly  moving  stars  these  indica- 
tions will  of  course  have  to  lie  changed  after  some  years. 
With  very  few  exceptions  the  stars  are  already  on  the 
parallax  program  of  one  or  more  observatories.  After 
a  decade  or  so  material  will  be  available  for  about  three 
dozen  stars, 

1.  a  Fornacis.  Aitken  (Loc.  cit.)  writes:  "meas- 
ures, begun  now,  will  yield  a  good  value  for  m' fm  with- 
in a  century."  By  means  of  photography  the  deter- 
mination could  be  made  after  some  ten  years  both  in 
right  ascension  and  in  declination.  If  measured 
obliquely,  tlie  displacement  of  0".50  that  we  consider 
as  the  lower  necessary  limit  is  reached  in  about  seven 
j'ears. 

2.  /3  552.  This  star  has  shown  considerable  orbital 
motion,  but  for  years  the  companion  has  been  invisilile, 
so  that  it  is  almost  impossible  to  predict  now  which  one 
of  the  two  coordinates  is  the  most  favorable.  As  soon 
as  the  companion  is  again  measurable  the  question  will 
be  settled,  but  very  likely  a  ten  or  fifteen  years'  inter- 
val is  all  that  is  needed. 

3.  Sirius.  The  apparent  orbit  is  so  large  that  good 
results  can  be  obtained  from  meridian  observations. 
But  as  an  independent  jihotographic  determination 
requires  only  a  couple  of  years,  this  can  go  hand  in 
hand  with  the  determination  of  the  parallax. 

4.  i  Cancri.     In  case  of  the  — ^ C  system,  the 

interval  of  time  ought  to  be  about  fifteen  years. 

5.  e  Hydrce.  If  the  determination  was  started  in 
1919  the  declination  could  no  longer  be  used;  after 
four  or  five  years  the  right  ascension  direction  would 
then  give  the  necessary  data. 

6.  J  1306,  This  star  ought  to  be  placed  at  once 
on  the  parallax  programs. 

7.  a  Urs.  Maj.  The  direction  of  the  motion  is  very 
uncertain  at  the  present  time. 
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List  of  Stabs  for  Mass-Ratio  Determinations 


Yerkes  Obstrvatory,  Williams  Bay,  Wis.,  June,  1,916. 


BURNHAM 

(7.  C. 

Stai- 

1925.0 

Magnitude 

Observatories 

Time 
In  a       In  5 

Notes 

b       m 

O            / 

H               M 

426 

ri  Cassiopeia; 

0    44.5 

+  57    25 

4.0-  7.6 

A,  M,  S,  Y 

4 

4 

1036 

/3  513 

1    55.8 

+  70   33 

5.0-  7.5 

S,  Y 

8 

1612 
2007 

a  Fornacis 
^483 

3      8.9 
3    59.1 

-29    17 

+39    18 

3.9-  6.9 
8.0-  9.5 

10 

10 
10 

1 

s,'y 

2109 

40  Eridani 

4    1L8 

-   7    46 

9.1-10.8 

M,  S,  Y 

10 

5 

2134 

02-79 

4    15.6 

+  16   21 

7.0-  8.8 

A,  S 

15 

2154 

02'82 

4    18.5 

+  14    53 

7.0-  9.0 

A,  S 

15 

2383 

/3  552 

4   47.6 

+  13    32 

7.0-11.0 

S 

10? 

15? 

2 

3596 

Siriiis 

6   41.8 

-16   37 

-2.0-  9.0 

M,  Y 

2 

3 

3 

4120 

Castor 

7    29.8 

+  32     3 

2.7-  3.7 

A,  D,  M,  Y 

8 

4187 

Procyon 

7    35.3 

+   5    25 

0.2-12 

A,  M,  S,  Y 

1 

4477 

f  Cancri 

8     7.9 

+  17    57 

5.0-5.5-5.7 

A,  S,  W,  Y 

10 

10 

4 

4714 

0  208 

8   35.8 

-22    24 

6.0-  9.0 

Y 

15 

10 

4771 

e  Hydra' 

8   42.8 

+   6    42 

3.8-  5.5 

A,  M,  S,  Y 

4 

5 

4923 
5652 

^1306 

a  Urs.  Maj. 

9     3.8 
10   59.1 

+67    26 
+  62     9 

5.0-  8.2 
1.7-11.1 

5 

6 
10 

6 

7 

A,Y 

5734 

^  Urs.  Maj. 

11    14.2 

+  31    57 

4.0-  4.9 

A,  S 

10 

4 

6566 

25  Can.  Ve?iat. 

13   34.1 

+  36    41 

5.0-  7.0 

S,  Y 

15 

6641 

V1785 

13   45.6 

+  27    21 

7.2-  7.5 

M,  S,  Y 

5 

7034 

a  Centauri 
^  Bootis 

14    34.5 
14    47.9 

-60   32 
+  19   25 

0.0-  1.5 
4.7-  6.6 

5 

2 
2 

A,  M,  S,  Y 

7259 

n  Bootis 

15   21.7 

+  37    38 

6.7-  7.3 

A,  M,  S,  Y 

15 

7563 

a  Cor.  Bar. 

16    11.9 

+  34     3 

5.7-  6.8 

A,  S 

12 

7649 

X  Ophiuchi 

16   27.1 

+  29 

4.0-  6.1 

A,  M,  S,  Y 

15 

7717 

f  Herculis 

16   38.5 

+  31    44 

2.8-  6.5 

A,  S 

5 

7783 

1'  2107 

16   48.9 

+  28   47 

6.5-  8.0 

A,  S 

12 

7878 

fjL  Draconis 

17     3.8 

+  54   34 

5.0-  5.1 

S 

15 

15 

7929 
8099 

i3  416 

26  Draconis 

17    13.8 
17    34.2 

-34    54 
+  61    56 

6.0-  8.0 
5.4-10.1 

5 

10 

10 

A.  D,  S,  Y 

8340 

70  Ophiuchi 

18      1.7 

+  2   31 

4.3-  6.3 

A,  M,  S,  Y 

4 

-^72.., 

99  Herculis 

18     4.2 

+  30   33 

5.2-10.5 

A,  M,  S 

10 

8 

.'■8933;. 

■;:-/3-6,48 

18   54.2 

+  32   48 

5.5-  9.5 

A,  S 

5 

'.  9605  ■■- 

^'6.,Cygni 

19   42.6 

+44   57 

2.8-  7.9 

A,  S 

12 

.    10846 

\  n'jCy^ni 

21    11.8 

+37   43 

3.8-  7.5 

A,  S,  Y 

6 

11214    .^ 

21    40.8 

+  28    24 

4.9-  5.9 

M,  S,  Y 

9 

^uJMy 

f  A4uarii 

22   25.0 

-  0   24 

4.3-  4.5 

A,  M,  Y 

12 

iiT.f>i 

fKruger  60 

22  .25.4> 

+  57    20 

9.0-12.0 

D 

3 

'12196'  ' 

T  Cephei 

23      5.5 

+  74    59 

4.6-  7.5 

A,  S 

15 

12701 

85  Pegasi 

23    58.2 

+  26   41 

5.8-11.0 

A,  D,  S,  Y 

6 

6 

12755 

1'  3062 

0     2.3 

+  58      1 

6.2-  7.3 

S,  Y 

12 

CONTENTS. 
Ma.s.s-Ratios  in  Visual  Bi.nary  Star.s,  by  G.  Van  Biesbkoeck. 
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A   SMALL   STAR   WITH    LARGE   PROPER-MOTION, 

By  E.  E.  BARNARD. 


I  have  found  on  my  photographs  a  small  star  of  the 
11th  (photographic)  magnitude  which  has  a  large 
proper-motion  of  about  10". 3  a  year  in  a  direction 
almost  due  north.  The  star  is  yellowish,  while  its 
near  neighbor,  BD  +4°  3560  (8".7),  is  bluish  white. 
On  account  of  its  color  it  is  brighter  visually  than  pho- 
tographically, being  about  the  10^/2  visual  magnitude. 
The  position  of  the  star  is: 

Epoch    1916.423    a  17''  53"  43^60    5  +  4°  27'  48".0 

It  is  9M  following  and  51"  north  of  +4°  3560,  which 
is  Albany  A.G.C.  6005,  and  which  in  this  paper  I 
have  called  a. 

I  have  tied  the  star  up  visually  with  the  40-inch 
telescope  with  the  following  stars: 


o 
c 

k 
11 


Mag. 

8.7 
14  ± 
14± 
13± 


1916.0  17i>  53"  34=.51 
17  53  43  .84 
17  53  48  .25 
17    53    43  .37 


+4°  26'  56".4 
4-4  25  41  .6 
+4  28  7  .1 
+4    24  49   .4 


The  positions  of  c,  fc  and  n  are  derived  from  that  of  a. 
We  will  call  the  proper-motion  star  P. 

P  and  a 


P.  A. 

Dist. 

1916.423 

June 

3 

249°.20 

145".30 

.442 

10 

249  .10 

145  .21 

.453 

14 

249  .07 

145  .13 

.461 

17 

248  .99 
249°.09 

145  .16 

1916.445 

145".20 

P  and 

c 

1916.423 

June 

3 

178°.61 

126".34 

.453 

14 

178  .35 

126  .25 

.461 

17 

178  .42 

126  .55 

1916.446 

178°.46 

126".38 

P  and  k 


P.  A. 

Dist. 

.453 

June  14 

74°.87 

72".40 

.461 

17 

74  .79 

72  .30 

1916.457  74°.83  72".35 

A  lesser  star  22"  south  of  k. 

P  and  n 
1916.461  June  17  180°.97  179".10 

a  and  c 
1916.461  June  17  118°.31  158". 05 

a  and  k 
1916.461  June  17  70°.94  217". 14 

P  and  a  (P  north  following) 

i^a  cos  8              Aa  l15 

1916.423     June    3     136".19  =    9M1  51".46 

.442               10     135  .52         9 .06  51   .57 


1916.432 


135".85  =    9^08     51".51 


a  and  c  (c  south  following) 
1916.442     June  10     139".58  =    9^33     74".75 

a  and  k  (k  north  following) 
1916.442     June  10     205".50  =  13^74     70".69 

By  comparison  with  the  stars  a,  c  and  fc  on  a  neg- 
ative made  by  the  writer  1894  August  24,  with  the 
6-inch  Willard  lens  of  the  Lick  Observatory,  I  have 
obtained  the  following  positions  of  P  for  that  date: 

(a)     1894.648     a  H'' 52'»  38^93     5  +  4°  24' 17".  1 
(c)  17    52    39  .30        -|-  4    24   15  .4 

(A-)  17   52    39  .03        +4    24   17  .6 


1894.648     a  n^  52"  39^09     6  -|-  4°  24'  16".7 

(181) 
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a 


n 


S 


N 


o 


30 


60 


I 


Stars  Measured  with  Respect  to  the  Proper-Motion  Star  P 

The  arrow  indicates  the  amount  and  direction  of  the  annual  motion.     Lpoeli  of  tlie  diagram  1'JU).4. 


The  small  scale  of  the  plate  and  the  quality  of  the 
images  do  not  seem  to  permit  a  more  accurate  posi- 
tion than  the  above.  Bringing  this  up  to  1916,  we 
have: 


1910.04,8       a   17'"  oS-"  44".43      b  +  4°  24'  :J".7 

Bj-  coinparinn  this  with  the  position  froni  the  visual 
measures  of  1916.423  we  get  the  annual  motion  10". 3U 
in  tlie  direction  359°. 7. 
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A  comparison  with  a  photograph  taken  with  the 
10-inch  Bruce  telescope  on  June  11,  1904,  gives  the 
annual  motion  10". 36.  At  present  this  is  the  largest 
known  proper-motion  of  a  star. 

This  star  is  shown  on  Plate  53,  Vol.  XI,  Publi- 
cations   of   the    Lick    Observatory,    where    it    is    easily 


identified.  It  is  1.77  inches  (45mm.)  from  the  right 
side  and  2.64  inches  (67mm.)  from  the  top  of  the 
plate,  south  following  the  star  BD  -f-4°  3560.  It  is 
interesting  to  compare  its  position  on  that  plate  with 
the  present  place  in  the  sky. 

Ycrkes  Observatory,  Williams  Bay,  Wis.,  June  21,  1916. 


ADDITIONAL   OBSERVATIONS   OF   THE   PROPER-MOTION  STAR. 


The  following  additional  observations  of  the  proper- 
motion  star  have  been  made.  Two  other  stars,  not  on 
the  chart,  have  been  measured:  one  of  these,  b,  is  in 
the  direction  of  motion  of  P,  which  is  approaching  it, 
and  will  serve  admirably  for  some  years  for  micrometer 
observations  of  the  motion  of  P. 

The  rapid  motion  of  the  star  is  shown  in  the  microm- 
eter measures,  though  the  interval  is  only  about  one 
month.  The  angle  is  changing  in  the  case  of  a  and  k, 
while  the  distance  from  n  and  c  is  increasing. 

On  June  24,  with  good  seeing,  P  was  tested  for  any 
peculiarity  of  focus.  A  second,  almost  stellar,  crimson 
image  was  formed  7"""  outside  the  regular  focus.  This 
image  was  surrounded  by  a  broken  greenish  blue  or 
grayish  glow. 

The  following  spectroscopic  results  were  obtained 
with  the  60-inch  reflector  at  Mount  Wilson  by  Mr. 
Adams,  who  has  kindly  given  permission  to  use  them. 

Radial  velocity  —91  km 

Spectral  type  M  b  (Harvard  classification) 

Parallax  from  spectrum     +0".2 

The  visual  magnitude  as  determined  at  Mt.  Wilson 
by  Mr.  Joy  is  9.64. 

My  own  visual  observations  (rather  discordant)  with 
the  40-inch  telescope  and  its  finder  would  make  P  1.3 
magnitude  less  than  a,  or  of  the  10.0  magnitude. 
Direct  estimates  made  it  103^^2  magnitude.  The  relative 
brightness  between  it  and  a  is  much  affected  by  bad 
seeing  or  moonlight,  because  of  the  difference  in  color 
of  the  two  stars.  Photographically  it  is  of  the  11th 
magnitude.     The  measures  follow: 


P  and  a 


1916.492 
.519 

1916.505 


June  28 
July     8 


P.  A. 

248°.93 
248  .91 


Dist. 

145".24 
145   .12 


Mag.    Mag. 


248°.92     145".18 


1916.492  June  28 

.511  July     5 

.519  8 

1916.507 


P  and  b. 

P.  A.  Dist.  Mag.     Mag. 

8°.75     250".38      ...      12 
8  .78     2.50  .11       ...      12.3 

8  .83     249  .98      


8°.79     250".  16 


12.1 


A  12}-^  magnitude  star  1'  north  following  b. 


1916.472  June  21 

.481  24 

.492  28 

.511  July     5 
.519 

1916.495 


P  and  c 

178°.34  126".81 

178  .36  126  .80 

178  .31  126  .91 

178  .25  127  .15 

8  178  .20  127  .10 


1916.472  June  21 

.481  24 

.511  July  5 

.519  "      8 


1916.496 


1916.472  June  21 

.481  24 

.492  28 

.519  July     8 

1916.491 


1916.481  June  24 


1916.481  June  24 


13.5 


178°.29  126".95 

P  and  k 

75°.20  72".51 

75  .21  72  .35 

75  .51  72  .52 

75  .52  72  .54 


75°.36   72".48 

P  and  n 

181°.22  179".21 

181  .10  179  .35 

181  .06  179  .45 

180  .96  179  .57 


13.5 


12.9 


12.9 


13 


181°.09  179".39 

a  and  c 
118°.35  1.58".34 

a  and  k 

71°.04  216".99 


13 


184 


THE    ASTRONOMICAL    JOURNAL 


N°-  695 


a  and  n 
1916.472  June  21  134°.03  183".80 
.481      24  134  .09  183  .75 
.492      28  133  .88  183  .93 


1916.482 


134°.00  183".83 


k  and  s 
1916.472  June  21  204°.2o   21". 22   ...   13  H 
.492      28  203  .10   21  .21  12.8  13.4 


1916.482  203°.67       21".21     12.8     13.5 

Yerkes  Observatory,  Williams  Bay,  Wis.,  July  12,  1916. 


OBSERVATIONS   OF   COMETS   AT   YERKES  OBSERVATORY, 

By  G.   Van  Bie.sbroeck. 


The  following  observations  of  comets  have  been 
made  here  with  the  12-inch  telescope  (1  Rev.  =  9". 533). 
Only  a  few,  as  indicated  in  the  remarks  have  been 
obtained  occasionally  with  the  40-inch  refractor. 
Whenever  necessary  the  measures  have  been  corrected 
for  differential  refraction.  In  the  column  headed 
"Comp."  the  number  of  settings  is  given  for  each 
coordinate.  An  equal  number  of  comparisons  in  both 
coordinates  indicates  a  measure  made  while  the  tele- 
scope was  driven  by  the  clock.  When  comparisons 
in  right  ascension  are  more  numerous  than  the  ones 
in  declination,  it  is  an  indication  that  transits  over 
the  wires  have  been  taken,  the  telescope  being  fixed 
in  hour-angle. 

The  abbreviations  proposed  by  Auwers  (.4.  N. 
4176)  have  been  used  for  the  catalogues  of  reference 
stars.  When  the  stars'  positions  are  taken  from  the 
astrographic  catalogues  the  rectilinear  coordinates 
have  been  converted  into  equatorial  coordinates  by 
means  of  Hnatek's  tables  {A.  N.  4329).  These  give  a 
shorter  computation  than  most  of  the  special  tables  that 
are  found  in  the  respective  volumes  and  have  the  im- 
portant advantage  of  being  uniform  for  all  declinations. 


For  comets  that  became  bright  enough,  I  estimated 
the  total  light  intensity  on  moonless  nights  by  com- 
paring them  extra-focally  with  photometrically  known 
stars,  or  simply  with  BD  stars.  The  three-inch  finder 
was  used  for  the  purpose  and  the  eye-piece  shifted  far 
enough  out  of  focus  so  as  to  make  the  star  images 
nearly  comparable  in  size  with  the  image  of  the  comet. 
The  differences  are  then  estimated  according  to  Arge- 
l.\nder's  step  method.  In  this  way  the  integrated 
light  of  the  comet  —  nucleus,  head  and  eventually 
brightest  part  of  the  tail  —  is  referred  to  known  stand- 
ards of  light.  Even  rough  as  the  BD  estimates  are, 
this  way  of  indicating  the  magnitudes  of  comets  seems 
to  me  to  have  many  advantages  over  a  direct,  focal 
estimation,  where  the  brightness  of  the  nucleus  alone 
is  likely  to  be  considered  as  the  total  luminosity,  or  at 
least  to  bias  the  result  in  that  direction.  This  would 
avoid  the  apparent  anomaly  that  sometimes  comets 
estimated  as  faint  as  7th  or  8th  magnitude  have  been 
visible  to  the  naked  eye.  Independent  estimates 
by  different  oliservers  using  the  way  described  here 
show  remarkablv  consistent  results. 


Date 

Gr.  M. 

T. 

Ja 

Jd 

Comp. 

App.  a 

App.  S 

lORp  A 

* 

a                S 

191S-1916 

Sept.  13 

22'.  11". 

21' 

-0" 

45'.53 

Comet 

-4'    1".8 

1915  a 
10-10 

(Mellish) 
6''26"'59M2 

-20°  37' 45".  1 

9.517n 

0.652 

1 

18 

20   43 

33 

+0 

G.08 

+  2   11   .9 

6-5 

24    43.41 

-19   41   48  .4 

9.558« 

0.697 

2 

20 

21      2 

18 

-0 

29  .88 

-1-4     5  .3 

8-8 

23    27  .14 

-19    19  37   .7 

9.518H 

0.667 

3 

29 

21      9 

49 

-0 

1  .97 

-0   16  .5 

6-6 

16    14.56 

-17    38  44   .8 

9.418« 

0.612 

4 

Oct.      1 

21    27 

7 

-0 

11  .43 

-1    10  .1 

6-6 

6    14      8.24 

-17    15  35  .6 

9.364»i 

0.588 

5 

18 

19   51 

48 

+0 

14.87 

+  2  39  .8 

8-8 

5   48    56.30 

-13    35   11   .8 

9.362« 

0.575 

6 

Nov.    4 

19   23 

8 

+  0 

57  .25 

+  2  21    .2 

40-8 

11    44.32 

-   8   40    11    .7 

8.96S»i 

0.501 

7 

8 

18     6 

8 

-2 

50  .54 

-3  56  .0 

30-6 

5     2      4  .42 

-    7    20     8   .2 

9.267« 

0.523 

8 

Dec.     1 

16   30 

28 

+  1 

28.87 

-1-0     9  .5 

30-6 

4     8    42.22 

-f-  0    57   43   .8 

8.994« 

0.435 

9 

7 

15   46 

25 

-1 

29.67 

-1-4     3  .6 

30-6 

3   57    30.03 

3      1  33  .6 

g.064n 

0.421 

10 
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Date 

Gr 

M. 

r. 

Ja 

J<? 

Comp. 

App 

a 

App.  d 

log  pA 
a                d 

* 

1915-1916 

Dec.   13 

IS''  31- 

48» 

-1" 

26M3 

Comet  1915  a  (Mellish) 
-4'  29".0  1  25-5    1    3"  47" 

{Conlinm 
40''.29 

'd) 

5° 

0'54' 

.7 

9.389 

0.475 

11 

Jan.      5 

12 

55 

28 

-0 

7  .65 

-4   11 

.9 

8-8 

25 

39.68 

11 

10     2 

.3 

9.215n 

0.470 

12 

31 

14 

36 

52 

-0 

12.74 

-0  38 

.0 

8-8 

22 

42  .53 

16 

21   45 

.5 

9.353 

0.334 

13 

Feb.     2 

13 

34 

57 

-0 

47.98 

-hO     0 

.9 

30-5 

23 

10.67 

16 

41  34 

.6 

9.103 

0.266 

14 

6 

14 

3 

56 

+1 

12.60 

+  0  26 

.4 

30-5 

24 

21  .78 

17 

20  56 

.6 

9.317 

0.307 

15 

27 

14 

41 

30 

-1 

23  .31 

+  1   32 

.8 

6-6 

3   37 

36.71 

-h20 

25   18 

.9 

9.568 

0.467 

16 

Comet  1915  d  (Mellish) 

1915 

Sept.  18 

22" 

45" 

0' 

-t-O" 

38».54 

-4' 46' 

.3 

2-2 

lO"  28" 

42^24 

-H26° 

38'  37' 

.1 

9.684n 

0.713 

17 

20 

22 

35 

40 

+0 

55.77 

-4  53 

.3 

15-5 

44 

18.51 

25 

49  32 

.0 

9.682n 

0.733 

18 

21 

22 

22 

5 

-0 

0.02 

-0  57 

.6 

8-8 

10    52 

11  .80 

+  25 

21   49 

.6 

9.679« 

0.746 

19 

1915-1916 

Dec.     6 

Igh    14^: 

0» 

-0" 

15^32 

C 
-1'19' 

om 
.0 

et  1915 
6-6 

e  (Taylor) 
5h  22-"40\31 

+   0= 

2'  10".5 

7.763n 

0.430 

20 

7 

16 

24 

24 

+0 

4.09 

+0  53 

.0 

8-8 

22 

10.77 

0 

12  23 

.2 

9.295ri 

0.481 

21 

7 

18 

31 

30 

+  0 

0.88 

-1-1   53 

.5 

8-8 

22 

7  .56 

0 

13  23 

.7 

8.554 

0.430 

21 

9 

16 

38 

35 

-0 

24.27 

-2  57 

.0 

8-8 

21 

2.60 

0 

36     4 

.8 

9.19771 

0.458 

22 

13 

16 

27 

30 

-0 

2  .71 

-6  44 

.2 

6-6 

18 

39  .83 

1 

30  25 

.7 

9.162n 

0.445 

23 

14 

16 

14 

23 

+0 

5.68 

-0  39 

.4 

8-8 

18 

3  .58 

1 

45  26 

.5 

9.205n 

0.450 

24 

Jan.      2 

14 

38 

20 

+  2 

36.14 

-1-5     3 

.3 

30-6 

8 

3  .13 

8 

9  24 

.8 

9.26071 

0.402 

26 

3 

15 

31 

53 

+0 

16.83 

+  2   12 

.4 

8-8 

7 

42.84 

8 

34  41 

.1 

8.92571 

0.357 

27 

5 

14 

0 

26 

+1 

47.87 

+  0   11 

.9 

30-6 

7 

13  .30 

9 

22  35 

.7 

9.35371 

0.418 

28 

22 

12 

34 

20 

+0 

6.45 

-1-3  45 

.5 

6-6 

9 

37.89 

16 

38  46 

.1 

9.42871 

0.371 

29 

23 

13 

24 

28 

-0 

6.91 

+0     5 

.6 

6-6 

10 

13  .00 

17 

4  59 

.6 

9.2477( 

0.287 

30 

31 

15 

48 

11 

_2 

18.97 

-h4  42 

.8" 

15-3 

16 

38.93 

20 

23  42 

.8 

9.185 

0.218 

31 

Feb.     2 

14 

11 

27 

+  0 

9.67 

+S  20 

.6 

6-6 

18 

40  .46 

21 

8  40 

.0 

8.442« 

0.162 

32 

3 

14 

18 

29 

+  0 

6.36 

+  5  24 

.9 

6-6 

19 

47  .74 

21 

31  34 

.1 

7.889/1 

0.153 

33 

9 

15 

3 

47 

+  0 

13.80 

+  0  29 

.3 

6-6 

5    27 

31  .89 

23 

43   14 

.6 

9.070 

0.134 

34 

Mar.     4 

13 

9 

45 

-0 

8.62 

-1  43 

.1 

8-8 

6    12 

27.28 

30 

47  34 

.4 

8.943n 

9.905 

35 

22 

15 

25 

25 

+0 

2.93 

-1-3  29 

.5 

6-6 

6   57 

57  .41 

32 

37     5 

.8 

9.508 

0.116 

36 

April    2 

17 

9 

47 

-0 

11  .36 

+  1   22 

.8 

6-6 

7    27 

40.76 

+  33 

3  57 

.0 

9.681 

0.105 

37 

1916 

Comet  1916  a 

(Neujmin) 

Feb.   29 

14h 

41" 

20^ 

_0m 

2P.35 

-0'    3' 

.3 

6-6 

8'>58'" 

46^28 

+  13° 

35'  18' 

.2 

9.264n 

0.340 

38 

Mar.     3 

16 

11 

27 

-0 

58.84 

+  3  52 

.1 

30-6 

8    59 

26.84 

11 

58   12 

.9 

7.904 

0.306 

40 

4 

13 

40 

28 

+0 

18.31 

+  0  54 

.8 

6-6 

8    59 

44  .67 

11 

30     3 

.6 

9.413« 

0.425 

41 

8 

13 

35 

58 

-0 

29.99 

-fl   54 

.2 

8-8 

9      1 

32  .26 

9 

25     8 

.2 

9.392n 

0.435 

42 

10 

18 

2 

43 

-0 

22.70 

-0   17 

.9 

8-8 

9     2 

49  .92 

8 

18  24 

.1 

9.399 

0.4.50 

43 

22 

14 

30 

38 

+4 

6.60 

-0  41 

.2 

30-6 

9    14 

8.78 

+  2 

39   17 

.2 

8.840ft 

0.447 

44 

April    2 

18 

4 

21 

+1 

26.24 

-H3   10 

.3 

12-4 

9   30 

11  .34 

-    1 

53   13 

.8 

9.528 

0.614 

45 

4 

15 

4 

17 

+  0 

10.36 

+  2  35 

.3 

8-8 

9   32 

58.26 

-    2 

34  31 

.7 

8.744 

0.454 

46 

24 

14 

47 

28 

-0 

36.63 

-6     0 

.6 

8-8 

10    12 

15.55 

-  8 

43  40 

.0 

8.994 

0.503 

47 

May     3 

14 

57 

36 

+1 

54.57 

-4     3 

.9 

30-6 

10   31 

57.82 

-10 

54  41 

.7 

9.168 

0.552 

48 

4 

16 

43 

51 

+1 

4.78 

-4  21 

.4 

6-6 

10   34 

4  .64 

-11 

8  58 

.8 

9.506 

0.629 

49 
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Date 

Gr.  M.  T. 

Ja 

JS 

Comp. 

App.  a 

App.  d 

logp.i 

* 

a                  0 

Comet  1916  b  (Wolf) 

May     4 

20"-  33»  20' 

-1-"  29^G4 

-2'    9".8 

10-5 

12''  36"  55^65 

+  2°59'50".8 

9.618 

0.724 

50 

11 

16     4    13 

-0    17.46 

+  3  30  .8 

8-8 

34    12.85 

3    28   15  .3 

9.007 

0.413 

51 

18 

16      1    55 

+0    30.81 

+  0  46  .0 

8-8 

31    55.68 

3    53     9  .3 

9.180 

0.427 

52 

23 

17     7    25 

+  6    37.21 

-1    13  .1 

6-3 

30    37.21 

4     8   12  .8 

9.464 

0.525 

53 

28 

15   41      9 

+  1    49.06 

-0  39  .5 

6-4 

29    38.83 

4    20  27  .9 

9.274 

0.442 

54 

30 

16   49    21 

+  1    30.13 

+3  42  .9 

10-4 

29    19.88 

4    24  50  .5 

9.427 

0.450 

55 

June     4 

17    16    26 

-2      5.33 

+3  42  .5 

8-4 

28    47.94 

4    33  47  .4 

9.559 

0.613 

56 

Comparison  Stars 
]Mean  Coordinates  for  Beginning  of  Year  and  Reductions  to  Apparent  Places 


a 

5 

Red.  a 

Red. 

5 

Authority 

1 

6''27" 

' 42\65 

-20' 

34'    1' 

'.9 

+  2^00 

+  18' 

'.6 

Ci.  Z.  1039. 

2 

6   24 

35.08 

-19 

44  19 

.2 

2.25 

18 

.9 

Ci.  Z.  1029. 

3 

6   23 

54.73 

-19 

24     1 

.9 

2.29 

18 

.9 

Ci.  Z.  1023. 

4 

6    16 

14.16 

-17 

38  47 

.4 

2.37 

19 

.1 

Wash.  2016. 

5 

6    14 

16.97 

-17 

14  44 

.5 

2.70 

19 

.0 

Wash.  1996. 

6 

5   49 

44  .43 

-13 

28  53 

.3 

3  .44 

18 

.7 

Cbr.  M.  1665. 

7 

5    10 

42.91 

-  8 

42  51 

.3 

4.16 

18 

.4 

Ott.  1397. 

8 

5     4 

50.66 

-   7 

16  30 

.2 

4.30 

18 

.0 

Ott.  1355. 

9 

4     7 

8.46 

+  0 

57   15 

.4 

4.89 

18 

.9 

Kii.  1795. 

10 

3    58 

54.73 

2 

57   11 

.9 

4.97 

19 

.1 

Alb.  1183. 

11 

3   49 

1.40 

5 

5     4 

.1 

5.02 

19 

.6 

Kii.  1658. 

12 

3    25 

55.04 

11 

14     5 

.3 

1  .75 

8 

.9 

Lpz.  I  1028. 

13 

3   22 

53.78 

16 

22   14 

.1 

1  .49 

9 

.4 

Berl".  A.  923. 

14 

3   23 

57.17 

16 

41   24 

.3 

1.48 

9 

.4 

Bord.  ph.  3''  24"",  +  17°  N"-  156. 

15 

3   23 

7  .77 

17 

20  20 

.7 

1  .41 

9 

.5 

Bord.  ph.  3'--  24-,  +17°  X"-  24. 

16 

3   36 

12.22 

20 

23  36 

.6 

1.18 

+  9 

.5 

Berl.  B.  1095. 

17 

10   28 

1  .64 

26 

43  33 

.5 

2.06 

-10 

.1 

Cbr.  E.  5396. 

18 

10  43 

20.72 

25 

54  36 

.1 

2.02 

-10 

.8 

Ox.  ph.  25°  38532  =  26°  29273. 

19 

10   52 

9.82 

25 

22  58 

.3 

2.00 

—  11 

.1 

Cbr.  E.  5506. 

20 

5   22 

50.69 

0 

3   17 

.9 

4.94 

+  11 

.6 

Alg.  ph.  5'' 20™,  0°N"    120. 

21 

5   22 

1  .72 

0 

11    18 

.7 

4.96 

.5 

Alg.  ph.  5"  20",  0°  N-  102. 

22 

5   21 

21  .87 

0 

38  50 

.5 

.5.00 

.3 

Alg.  ph.  5"20"\  0°N"-    85. 

23 

5    18 

37.46 

1 

36  58 

.9 

5.08 

.0 

BD  +  1°  991  from  3  obs.  1910  in  Abbadia. 

24 

5    16 

52.81 

1 

45  54 

.9 

5.09 

.0 

BD  +  1°  989  referred  to  Star  25. 

25 

5   20 

20  .03 

1 

46     8 

.9 

5.09 

.0 

Boss'  P.  G.  C.  1302. 

26 

5     5 

24.86 

8 

4   15 

.4 

2.13 

6 

.1 

Lpz.  II  2027. 

27 

5     7 

23  .87 

8 

32  22 

.7 

2.14 

6 

.0 

Tou.  ph.  o'-S"',  +9°N"    107. 

28 

5     5 

23.28 

9 

22   17 

.7 

2.15 

6 

.1 

Lpz.  II  2026. 

29 

5     9 

29.24 

16 

34  54 

.0 

2.20 

6 

.6 

Berl.  A.  1433. 

30 

5    10 

17.70 

17 

4  47 

.3 

2.21 

6 

.7 

Bord.  ph.  5''8'",  +17°  N-  66  =  5"  12-,  +16°  ] 

V"   22. 

31 

5    18 

55  .66 

20 

19   11 

.1 

2.24 

7 

.0 

Berl.  B.  1723. 

32 

5    18 

28.56 

21 

5   12 

.2 

2.23 

7 

.2 

Par.  ph.  51-  20'",  +22°  N"-  183. 

33 

5   19 

39.15 

21 

26     1 

.9 

2.23- 

7 

.3 

Berl.  B.  1728. 
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a 

5 

Red.  a. 

Red. 

5 

Authorit}- 

34 

5h  27-" 

15».86 

23° 

42' 

37' 

'.6 

2'.23 

7' 

.  t 

Par.  ph.  5''28»,  +24°  N°-  154. 

35 

6 

12 

33.59 

30 

49 

9 

.7 

2.31 

7 

.8 

Ox.  ph.  30°  14384  =  Ox.  ph.  31°  15857. 

36 

6 

57 

52.16 

32 

33 

30 

.0 

2.32 

6 

.3 

Pots.  ph.  Bd.  4,  S.  202,  N''-268  =  Bd.6,  S.32,  N< 

•75. 

37 

7 

27 

49.80 

33 

2 

29 

.2 

2.32 

+  5 

.0 

Lei.  3176. 

38 

8 

59 

4.90 

13 

35 

29 

.6 

2.73 

-   8 

.1 

BD  13°  2032  referred  to  Star  39. 

39 

9 

0 

21  .20 

13 

40 

45 

.0 

2.73 

-   8 

.1 

BD  13°  2036  {Annales  Bordeaux,  Vol.  XV). 

40 

9 

0 

22.97 

11 

54 

29 

.0 

2.71 

-  8 

.2 

BD  12°  1963  {Annales  Bordeaux,  Vol.  XV). 

41 

8 

59 

23.66 

11 

29 

17 

.0 

2.70 

-   8 

.2 

Ku.  4009.     , 

42 

9 

1 

59.60 

'      9 

23 

22 

.8 

2.65 

-   8 

.8 

Kli.  4030. 

43 

9 

3 

9  98 

8 

18 

50 

.6 

2.64 

-  8 

.6 

Tou.  ph.  9'>0™,  +9°  N°   250. 

44 

9 

9 

.59  .72 

+   2 

40 

9 

.3 

2.46 

-10 

.9 

Boss'  P.  G.  C.  2479  {6  Rydroe). 

45 

9 

28 

42  .71 

-   1 

56 

10 

.9 

2.39 

-13 

.2 

Nic.  2887. 

46 

9 

32 

45  .56 

-   2 

36 

53 

.5 

2.34 

-13 

.5 

Alg.  ph.  g"  28°',  -2°  N°'  165  =  9»  36'°,  -2°  N°- 

174. 

47 

10 

12 

49.94 

-   8 

37 

22 

.3 

2.24 

-17 

.1 

Ott.  3950. 

48 

10 

30 

1  .04 

-10 

50 

19 

.4 

2.21 

-18 

.4 

Cbr.  M.  4002. 

49 

10 

33 

7.62 

-11 

4 

18 

.9 

2.22 

-18 

.5 

Cbr.  M.  4027. 

50 

12 

38 

21  .79 

+  3 

2 

18 

.3 

2.90 

-17 

.9 

BD  +3°  2681  from  3  obs.  Abbadia. 

51 

12 

33 

52.53 

3 

25 

1 

.7 

2.86 

-17 

.3 

Kii.  5582. 

52 

12 

31 

22  06 

3 

52 

40 

.0 

2.81 

-16 

.7 

Alb.  4519. 

53 

12 

23 

59.29 

4 

9 

42 

.0 

2.75 

-16 

.1 

Alb.  4493. 

54 

12 

27 

47.04 

4 

21 

23 

.2 

2.75 

-15 

.8 

BD  +4°  2626  from  5  obs.  Abbadia. 

55 

12 

27 

47  .04 

4 

21 

23 

.2 

2.71 

-15 

.6 

BD  +4°  2626  from  5  obs.  Abbadia. 

56 

12 

30 

50  .58 

4 

30 

20 

.2 

2.69 

-15 

.3 

Lpz.  II  6174. 

Remarks 

Comet  1915  a.     Sept.  18.  Observation  interrupted  by  clouds. 

Nov.     4.  Nucleus  unsharp. 

Dec.     1.  Nucleus  unsharp.     About  10". 5.     Tail  at  least  1°  long. 

Jan.      5.  Sharp  nucleus  about  12". 

Feb.     2.  Settings  difficult  with  12-inch.     Brightness  about  11"°. 5. 

Feb.    27.  With  40-inch.     Brightness  13".     Nucleus  only  14". 


Extrafocal  estimation  of  brightness  in  the  3-inch  finder: 

Nov.  4.  #  -  2  -  BD  -  8°  1073;  BD  -  8°  1078  -  4  -  ^. 
Nov.  8.  #  -  1  -  BD  -  7°  985;  BD  -  7°  974  -  2  -  ^. 
Dec.     1.     #  -  5  -  BD  +  0°    711;    BD  +  0°    707-4-,^. 


Concluded  #  =  8".7. 
Concluded  ^  =  8  .7. 
Concluded  ^  =  8  .5. 


Comet  1915  d. 

Sept. 

18. 

Sept. 

20 

Sept. 

21 

Comet  1915  e. 

Dec. 

6. 

Dec. 

7 

Jan. 

22 

Feb. 

2 

Feb. 

3 

Feb. 

9 

Mar. 

4 

Apr. 

2 

Poor  observation.     Object  hardly  visible  on  bright  morning  sky. 
Difficult.     Object  diffuse. 
Difficult  in  morning  sky. 

Interrupted  by  clouds. 

Tail  about  10'  long  in  position  angle  310°.     Brightness  10"±. 

Diameter  decreased.     Brightness  10".5±. 

Nucleus  unsharp.  Settings  difficult  in  5  on  account  of  elongation  in  that  direction. 
Total  brightness  10'".5±. 

Same  elongation. 

Setting  on  principal  nucleus,  the  companion  being  hardly  visible  in  12-inch. 

Second  nucleus  invisible  in  12-inch. 

With  40-inch.  Setting  on  the  eccentric  brightest  part  of  the  fan-shaped  nebulosity. 
Total  brightness  13".5±.     Nucleus  single  14".5±. 
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4  -  ^;  #  =  8'°.8. 


Comet  1916  a. 

Mar. 

3. 

Mar. 

8. 

Mar. 

10. 

Mar. 

22. 

Apr. 

24. 

May 

3. 

Comet  1916  C. 

May 

4. 

Extrafocal  estimations  of  brightness  in  the  3-inch  finder: 

Dec.  9.  \#'  -  2  -  BD  +  0°  1055;  BD  0°  1045  -  4  -  #;  #  =  9'".3. 

Jan.  2.     ^  =  BD8°878;  ^  -  5  -  BD8°880;  BD8°880;  BD8°888 

Jan.  3.     P  =  BD8°881;  P  =  9".2. 

Jan.  5.     ,#  =  BD9°760;  BD9°747  -  2  -  #;  #  =  9".0. 

Round  nebulosity  about  2'  in  diameter. 

Total  brightness  about  10". 

Faint  stellar  nucleus  (13™). 

Total  brightness  11"=*=.     Faint  nucleus  13".5. 

Diffuse  and  about  3'  in  diameter. 

Total  brightness  12""  =t. 

Observed  at  low  altitude  after  the  object  had  been  identified  on  a  plate  taken  by 
M.  Hubble  with  the  2-ft.  reflector. 
May  11.     Small  object  with  eccentric  nucleus.     Total  brightness  14"=*=. 
May  18-23.     Brightness  and  appearance  unchanged. 
May  28-30.     Luminosity  is  increased.     About  13". 

Williams  Bay,  Wis.,  June,  1916.  

ELLIPTIC    ELEMENTS   OF   TAYLOR'S   COMET, 

By  frank    E.    SEAGRAVE. 

Geocentric  positions  (normals)  that  elements  are  based  on: 
G.  M.  T. 
t    =  (1915)  Dec.  7.7719 
t'   =  (1916)  Jan.  8.6177 
t"  =  (1916)  Feb.  9.5742 

G    =  255°    4'  43".00  Log  R    =  9.993434 

Log  R'   =  9.992715 
Log  R"  =  9.994218 

Heliocentric  coordinates  from  5th  and  last  hypothesis. 


X  =  79°41'34".46 
X'  =  76°  36'  22".52 
X"  =  82°  33'  10".06 


O'    =  287°  31'  39".47 
O"  =  320°    0'  33".00 

C0NSTANT.S 


/3     =  -22°53'33".44 
/3'   =  -12°10'37".14 
0"  =  +  0°  27'  40".59 

lA'  =  146°  59' 22".56 
z'  =     19°48'36".21 


X  =  ;■  (9.986314) 
y  =  r  (9.981829) 
z  =  r  (9.575159) 


Sin  (204°  35'  3".65  -|-  u) 
Sin  (118°o4'21".24  +  u) 
Sin  (  75°  38'    8".01  +  u) 

Epoch  =  Jan.  8.6177  G.M.T.  1916 
M  =  356°  40'  17".21 
01  =  354°  .50'    2".  12 
TT  =  108°  36'  27".60 
SI  =  113°46'2.5".48 
i  =    15°  40'    5".42 
Log  e  =  9.745210 
Log  a  =  0..547051 
Log  9  =  0.194270 
M  =  536".3251 


I  =  76°54'55".65 
/'  =  95°  19' 29".  15 
/"  =  114°36'37".96 

Log  /■  =  0.219655 
Log;-'  =  0.198869 
Log;-"  =  0.195130 


6  =  -9°  33'  1".48 
b'  =  -5°  4'20".76 
b"  =  -1-0°  14'    4".93 

u  =  322°  5'  42".47 
u'  =  340°  53'  23".37 
u"  =      0°  52'    8".72 


On  March  18,  1916,  Ki^  40"' 5".  G.^LT.,  Phof.  Bar- 
nard of  the  Yerkes  Observatory  observetl  tlio  comet  in 
the  following  position  a  =  O"-  47"°  19'.14.  S  =  +32°  16' 
0".40.  These  elements  give  the  following  position  of  the 
comet  for  the  same  time  a  =  6''  47'"  9". 72.  6  =  +32° 
16'  9".40.     Fairly  good. 
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ON    EVIDENCES    OF    SYSTEMATIC    VARIATION    IN    RECENT    LONGER    SERIES 
OF     DETERMINATIONS    OF    STELLAR    PARALLAX, 

By  ALBERT   S.  FLINT. 


The  investigation  from  which  the  following  is  taken 
forms  a  part  of  the  subsequent  discussion  of  the  second 
series  of  parallax  observations  made  at  the  Washburn 
Observatory  of  the  University  of  Wisconsin,  the  results 
of  which  were  published  as  noted  below.  In  view  of  the 
large  work  in  parallax  determination  in  progress  at  sev- 
eral observatories,  it  seems  desiral)le  to  publish  at  this 
time  the  principal  results  of  the  present  discussion.  In 
the  previous  publication  only  a  brief  comparison  was 
made  with  other  authorities,  as  presented  in  the  Kapteyn- 
Wersma  Catalogue  of  1910.  Since  then  there  have  been 
published  the  complete  Yale  series,  containing  a  number 
of  stars  not  included  in  that  catalogue  and  revised  results 
for  others  of  the  Yale  stars.  Abetti  and  Jew'dokimov 
also  have  published  each  an  important  series  of  results; 
and  the  Ritssell-Hinks  list  and  the  especially  refined 
determinations  by  Schlesinger-Slocum-Mitchell  have 
all  been  published  definitively  in  the  journals.  Apart 
from  differences  somewhat  constant  and  due  perhaps 
to  peculiarities  of  method,  apparatus,  or  observers,  it 
may  be  assumed  that  systematic  error  is  most  liable  to 
occur  relatively  to  the  right  ascension,  or  season  of  the 
year,  and  the  present  examination  is  confined  to  such 
possible  relation.  The  data  for  the  main  discussion  were 
derived  from  a  comparison  ot  each  of  the  authorities  on 
a  given  star  with  the  mean  of  all  the  selected  authorities 
that  occur  on  that  star.  Absolute  parallax  values,  ob- 
served and  determined  as  such,  have  been  omitted.  For 
example,  on  a  Ursa  Minoris  only  two  authorities  are 
represented,  Pritchard  and  Flint  II,  since  these  alone 
have  made  differential  determinations  for  this  star. 

No  data  were  omitted  from  any  selected  authority  except 
as  described  in  the  treatment  of  certain  authorities  in 
preparation  for  the  comparisons  or,  as  noted  thereafter, 
in  connection  with  special  supplementary  comparisons. 
No  data  were  omitted  anywhere  except  upon  a  priori 
grounds.     Some   attempts   were  made  at   the   beginning 


to  employ  numerical  solutions,  especially  in  deriving  the 
preliminary  correction  to  certain  authorities;  but  this 
proved  to  be  unsatisfactory  and  the  graphical  method 
was  adopted  throughout.  This  lacks  the  definite  meas- 
ure of  the  accuracy  of  numerical  results,  such  as  is  fur- 
nished by  the  method  of  least  squares,  but  it  is  especially 
valuable  for  detecting  tendencies  to  aberration  and  for 
following  the  smaller  and  less  regular  variations. 

The  list  of  authorities  covered  by  the  discussion,  to- 
gether with  an  account  of  the  preparation  of  each  for 
the  comparison,  is  as  follows.  The  values  of  observetl 
parallax  for  the  larger  series  were  obtained  from  the 
original  publications  or  computations.  The  parallaxes 
were  taken  to  thousandths  of  a  second  except  for  Jew- 
DOKiMOV,  published  only  to  hundredths,  and  a  number 
of  the  Yale  results  of  larger  probable  error  similarly 
published.  Peter's  results  alone  of  the  larger  series 
were  copied  from  the  column  of  absolute  parallax  in  the 
Kapteyn-Wersma  Catalogue.  The  few  values  from  each 
of  a  number  of  miscellaneous  authorities  were  adopted 
from  the  Kapteyn-Wersma  Catalogue  or  that  of  Bigourdan. 
The  observed  parallaxes  of  all  the  authorities  were  re- 
duced to  absolute  values  by  means  of  the  Groningen 
table,  Puhlications  No.  24.  The  abbreviation  adopted 
for  each  authority  is  given  in  parentheses  after  the  title. 
The  authorities  are  presented  here  in  the  order  in  which 
they  were  taken  up  in  the  discussion. 

Yale,  (Y.).  Vol.  II,  Part  IV,  1912;  243  parallaxes. 
With  the  heliometer.  The  mean  magnitudes  of  the  com- 
parison stars,  taken  as  observed  in  pairs,  all  fall  between 
6.0  and  8.8,  and  the  reductions  to  absolute  values  for 
individual  parallax  stars  differ  from  -hO".005  to  -f  0".015. 

Upon  inspection,  there  appeared  to  be  a  systematic 
variation  of  a  periodic  nature  in  the  parallaxes  running 
with  the  right  ascension,  and  a  preliminary  computation 
was  undertaken  to  obtain  the  corresponding  reductions 
to  an  approximate  general  mean  value  of  -f-0".0400. 

(189) 
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In  the  first  computation  several  values  were  omitted 
in  accordance  with  the  rules  adopted  in  the  final  compu- 
tation, as  described  below.  Arrong  them  were  a  Bootis, 
61  Cygni,  and  Groombridge  183U,  which  have  very  ab- 
normal parallaxes  with  reference  to  proper-motion.  The 
great  majority  of  Yale  stars  are  included  under  spectral 
classes  G  and  K,  and  all  were  reduced  to  the  mean  of 
these  two  classes*  by  the  application  of  the  difference  be- 
tween this  mean  and  the  means  of  the  respective  spectral 
classes*.  Group  means  were  then  computed  in  order  of 
proper-motion  with  nine  to  thirteen  stars  in  each  grou]D 
and  with  the  stars  divided  into  two  series,  those  of  mag- 
nitude 5.5  or  brighter,  and  those  fainter  than  magnitude 
5.5.  The  two  series  were  plotted  separately  and  a 
straight  line  drawn  for  each  as  best  representing  the 
points.  All  of  the  stars  included  have  recorded  proper- 
motions  except  four  and  the  jiroiier-motions  of  these  four 
were  assumed  to  be  zero.  The  difference  between  the 
ordinate  of  the  line  at  each  star's  right  ascen.-^ion  and 
the  approximate  mean  value  of  the  parallaxes,  4-0".0400, 
in  the  sense  latter  minus  former,  was  applied  as  a  cor- 
rection to  the  star's  parallax.  The  entire  list  of  243 
parallaxes  reduced  with  reference  to  spectral  class  and 
proper-motion,  were  written  in  order  of  right  ascension 
and  the  values  adopted  were  divided  into  groups  of  nine 
or  ten  each.  The  group  means  were  plotted  and  a  curve 
was  drawn  free-hand  to  represent  the  points.  The 
original  parallaxes  were  corrected  by  means  of  the  or- 
dinate ■>  of  the  curve  and  the  entire  computation  was 
repeated,  so  that  the  reductions  obtained  with  reference 
to  right  ascension  were  employed  in  redetermining  the 
reductions  with  reference  to  spectral  class  and  proper- 
motion  and  these  in  turn  for  redetermining  the  reductions 
with  reference  to  right  ascension. 

An  ideal  series  of  parallaxes  for  such  a  comparison 
between  its  own  members,  would  be  one  of  faint  stars 
known  to  have  very  small  proper-motion  and  small 
parallax.  l-"rom  this  consideration  and  from  others 
apparent  in  the  items  stated  below,  it  seemed  advisable 
to  omit  certain  stars  in  the  second  computation, as  follows. 
Nearly  all  of  these  were  omitted  in  the  first  comiiutation 
also.  The  numbers  at  the  right  show  tlte  consequent 
reduction  in  the  number  of  stars  of  the  complete  list. 

1.  Those    having    the    observed    pr()lial)lc 

error  of  parallax  greater  than  =i=()".()o5.  ()  stars. 

2.  Those  which,  after  the  ajiplication  of 
the  reduction  depending  upon  i)rni)cr-motion, 
.still  had  abnormally  high  and  therefore  proba- 
bly large  real  parallaxes.  3  stars. 

3.  Those  having  parallaxes  abnormally  low 

with  reference  to  proper-motion.  3  stars. 


•For  Yale. 


4.  Those  whose  comparison  stars  have  a 

marked  proper-motion  (Yale,  Vol.  II,  p.  381).        4  stars. 

5.  Comparison  stars  observed  as  parallax 
stars,  or  stars  in  very  close  association  with 
others  already  adopted  in  the  list :  Stars  e  and 
/  near  17''  20™;  also  j3i  Cygrd,  19"  26'",  non- 
descript as  to  spectrum,  and  having  ft  to  reji- 

resent  that  point  in  the  sky.  3  stars. 

6.  The  parallaxes  of  the  B  stars  in  Orion 
were  taken  in  one  mean   value,   as  a  single 

star.  4  stars. 

7.  The  tliree  (faint)  Pleiades  were  taken  in 

one  mean  value,  as  a  single  star.  2  stars. 

These  omissions  reduced  the  number  of  adopted 
parallaxes  from  243  to  218. 

The  adopted  expressions  for  the  parallax  as  varying 
with  the  proper-motion  are  as  follows: 

Mag.  5.5  or  brighter  — 

TT  =  +0".0400  +  0.11912  (ai  -  0".1555)        65  stars. 

Mag.  fainter  than  5.5  — 

TT  =  +o".0400  +  0.08336  (^  -  0".55.50)      153  stars. 

The  218  parallaxes  were  corrected  in  accordance  with  the 
curve  and  these  equations,  and  were  divided  into  twenty- 
two  groups  in  order  of  right  ascension,  with  nine  to  ten 
stars  in  each  group.  Then  the  residual  reiluctions  of  the 
individual  stars  with  reference  to  their  respective  group 
means  were  computed.  The  largest  positive  residual  in 
each  group  was  written  dowii  and  likewi.se  the  largest 
negative  residual,  so  that  these  largest  residuals  were 
collected  in  order  of  numerical  magnitude  in  two  col- 
umns, the  one  positive,  the  other  negative.  It  was 
found  that  the  highest  five  residuals  in  the  positive  .series 
rose  above  the  preceding  residuals  in  the  column  by 
ordinary  differences,  but  that  the  highest  five  residuals 
in  the  negative  series  ro.se  above  the  precciling  residuals 
in  their  column  by  decidedly  increaseil  liifferences.  These 
highest  five  values  of  each  series  were  then  thrown  out 
from  their  respective  groups  and  the  corresponding  group 
means  recomputed  for  the  six  groups  from  which  the 
ten  residuals  came.  The  resulting  groups  did  not  tliffer 
materially  from  those  of  the  remaining  sixteen  groups, 
of  average  appearance  as  regards  the  residuals.  There 
are  undoubtedly  a  number  of  sensible  real  parallaxes  in 
the  list,  and  therefore,  the  larger  negative  residuals 
must  be  expected  to  predominate  over  the  larger  positive 
residuals.  Accordingly  it  was  decitled  to  omit  from 
the  final  computation,  the  stars  having  the  four  highest 
negative  residuals  and  (hose  having  the  two  highest 
positive    residuals.     Tlie     former,     the     four     resitluals, 
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range  from  -0".097  to  -0".140  and  the  lattor,  tho  two 
residuals,  are  +0".112  and  +0".114.  The  total  num- 
ber of  parallaxes  entering  into  the  determination  of  the 
systematic  variation  with  riglit  ascension  was  thus  fur- 
ther reduced  from  218  to  212. 

The  final  plot  with  reference  to  rigiit  ascension  is 
shown  in  Fig.  1.  The  number  of  points  appears  as 
eighteen,  which  was  the  number  of  groups  occurring 
in  the  final  comjiutation,  with  eleven  to  twelve  stars  in 
each  group.  The  reductions  of  the  ordinates  of  the 
curve  to  the  standartl  mean,  -|-0".0400,  were  read  for 
every  half-hour  of  right  ascension  and  are  given  in  the 
third  column  of  Table  I. 

These  were  the  only  corrections  appli(>d  to  the  Yale 
absolute  values  as  they  were  entered  in  the  comparisons 
with  other  authorities. 

A  general  average  value  of  the  observed  probable 
error  of  a  Yale  parallax  may  be  taken  as  =t0".0296. 
This  is  the  mean  for  the  115  stars  that  occur  in  common 
with  any  others  of  the  authorities  selected  for  the  sub- 
sequent  portion   of   the    discussion.     There   is   a   great 


variety  of  magnitudes,  however,  in  the  published  Yale 
proliable  errors,  of  which  further  note  will  be  made. 
The  average  number  of  parallaxes  entering  into  one 
group  mean  of  the  plot  is  11.8;  so  that  the  consequent 
approximate  average  proliable  error  of  a  single  point  in 
the  plot  is  ±0".0093.  It  is  seen  that  the  corrections 
given  in  the  table  range  from  -|-0".029  to  -0".015. 

In  the  comparisons  of  Yale  with  other  authorities,  no 
omissions  were  made  except  under  the  first  and  fourth 
of  the  items  described  above.  That  is,  the  omitted 
stars  were  tho.se  having  the  proliable  error  of  a  parallax 
greater  than  ±0".055  and  in  addition  the  four  cases  of 
sensible  proper-motion  in  the  comparison  stars. 

Flint  I,  (Fl.  I).  First  Series.  Publications  of  the 
Washburn  Observatory,  Vol.  XI,  Table  IX,  1902;  96 
parallaxes.  Meridian  transits  with  fixed  vertical  threads. 
The  values  adopted  here  are  those  of  column  five  of 
Table  IX,  the  original  observed  parallaxes  uncorrected 
except  as  reduced  here  to  absolute  values. 

This  series  of  results  is  very  uneven,  mainly  because 
of  the  small  number  of  observations  on  .some  of  the  stars. 


TABLE  I 
Sj'stematic  Corrections  with  Reference  to  Right  Ascension,  to  be  Applied  to  the  Y.\le  Observed  Parallaxes 


R.  A.  . 

Parallax 
Ordinate 

Correction 

Ditf. 

R.  A. 

Parallax 
Ordinate 

Correction 

Diff. 

Oh.O 

-f0".044 

-0".004 

12h.0 

-|-0".028 

+0".012 

0  .5 

050 

-   010 

-6 

12  .5 

020 

+   010 

-  2 

1  .0 

051 

-   Oil 

-1 

13  .0 

032 

+      008 

-  2 

1  .5 

051 

-   Oil 

0 

13  .5 

034 

+      006 

-  2 

2  .0 

050 

-   010 

+  1 

14  .0 

035 

+   005 

-  1 

2  .5 

049 

-   009 

+  1 

14  .5 

038 

+   002 

-  3 

3  .0 

(M8 

-   008 

+  1 

15  .0 

040 

000 

-  2 

3  .5 

046 

-   006 

+  2 

15  .5 

043 

-   003 

-  3 

4  .0 

044 

-   004 

+2 

16  .0 

045 

-   005 

-  2 

4  .5 

040 

000 

+4 

16  .5 

049 

-   009 

-  4 

5  .0 

038 

-f-   002 

+  2 

17  .0 

051 

-   Oil 

-  2 

5  .5 

034 

-1-   006 

+4 

17.5 

053 

-   013 

-  2 

6  .0 

030 

-1-   010 

+4 

18  .0 

055 

-   015 

-  2 

6  .5 

027 

+   013 

+  3 

18  .5 

052 

-   012 

+  3 

7  .0 

024 

+      016 

+  3 

19  .0 

045 

-   005 

+  7 

7  .5 

021 

+   019 

+  3 

19  .5 

039 

+   001 

+  6 

8  .0 

020 

+   020 

+  1 

20  .0 

031 

+      009 

+  8 

8.5 

020, 

-1-   020 

0 

20  .5 

024 

+   016 

+  7 

9  .0 

020 

-1-   020 

0 

21  .0 

019 

+   021 

+  5 

9  .5 

020 

+   020 

0 

21  .5 

012 

+      028 

+  7 

10  .0 

021 

+      019 

-1 

22  .0 

Oil 

-1-   029 

+  1 

10  .5 

022 

+      018 

-1 

22  .5 

013 

+      027 

-  2 

11  .0 

024 

+   016 

_2 

23  .0 

020 

+   020 

-  7 

11  .5 

026 

+      014 

_2 

23  .5 

032 

+      008 

-12 

12  .0 

-|-0".028 

+0".012 

_2 

24\0 

+0".044 

-0".004 

-12 
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There  seems  also  to  have  been  a  large  disturbing  factor, 
especially  in  the  last  hours  of  right  ascension.  As  a 
matter  of  expedition  and  experiment,  observations  were 
made  on  many  nights  when  the  .star  images  were  ex- 
tremely poor  or  the  temperature  very  low.  Besides  this, 
there  was  a  frequent  and  very  marked  disturbance, 
worst  near  the  zenith,  due  evidently  to  currents  of  warm 
air  from  a  large  attic  space  above  the  ol).serving  room 
which  was  open  to  the  air  above  the  instrument.  This 
loft  did  not  get  sufficiently  ventilated  as  sho^\^l  by  com- 
parisons of  thermometers  above  and  below  in  the  late 
afternoon. 

Parallaxes  of  this  list  whose  probable  errors  exceeded 
±0".055  are  excluded.  This  leaves  seventy-four  values 
and  their  average  probable  error  is  ±0".0389.  Among 
these  are  the  twenty-seven  stars  of  Vol.  XL  Table  VIH, 
from  whose  comparison  stars  were  derived  the  quantities 
e  of  Table  IX,  designed  to  correct  the  observed  parallaxes 
for  personal  equation,  depending  upon  difference  of  mag- 
nitude between  the  parallax  and  comparison  stars.  Sev- 
eral attempts  were  made  to  determine  this  correction 
more  satisfactorily.  For  this  purpose,  all  of  those  stari 
were  included  for  which  separate  solutions  had  been 
made  with  the  individual  comjiarison  stars.  There 
were  four  of  these  stars  which  were  not  included  in  the 
discussion  in  Vol.  XI,  because  the  differences  of  magni- 
tude were  so  small.  With  the  addition  of  these  four  stars, 
the  total  number  available  for  the  discussion  became 
thirty-one.  These  values  of  apparent  parallax  were 
divided  into  six  groups,  in  order  of  algebraic  difference 
of  magnitude.  The  group  means,  when  jilotted,  were 
very  discordant  and  did  not  seem  to  have  any  marked 
significance  as  a  series.  A  simple  etjuation  was  then 
derived  from  a  comparison  of  tlu;  mean  of  the  first  three 
groups  with  the  mean  of  the  last  three  groups.  A  com- 
parison of  the  full  ])arallax  results,  uncorrected  for  mag- 
nitude equation,  was  made  also  with  all  the  other  authori- 
ties available.     Th<>  adopted  equations  were  as  follows: 

I'Vom  comparison  stars  of  Fl.  1,81  pairs: 

A  ;r  =  -0".()()72  +  ()".0(i483     {^  Dm). 

From  comparison  with  other  authorities,  57  stars: 
Sw  =  -|-0".0L55  -\-  0".06125     (J^  Dm). 

Here  3^  Dm  is  the  diffcniicc  in  ai)|)arent  magnitude 
between  parallax  star  and  mean  of  (■(nn])arison  stars,  in 
the  sense  latter  minus  former.  Notwithstanding  the 
close  agreement  of  the  magnitude  coeflicients  in  these 
two  equations,  the  aberrations  of  individual  values  and 
group  means  of  several  values  do  not  a])|)ear  (■apai)le  of 
any  entirely  satisfactory  explanation.  The  oi)served 
jiarallaxes  were  corrected   by   means  of  the   lirst    of  tiic 


two  equations  above  liefore  they  were  entered  in  the 
comparison  of  authorities. 

Flint  II,  (Fl.  II).  Second  Series,  Results,  Aslronomical 
Journal,  No.  631,  with  one  correction  in  No.  636,  1912; 
124  independent  parallaxes.  Meridian  transits  with 
hand-driven  traveling  threads,  star  images  set  between 
double  threads.  No  screens  were  employed  on  the 
fainter  parallax  stars — 17  in  number^and  the  remain- 
ing 107  stars  were  almost  equally  divided  between 
the  two  methods  of  reducing  apparent  magnitude,  one 
by  means  of  the  separate  wire  screens  as  in  the  Flint  I 
series,  and  the  other  bj'  means  of  rotating  slats  mounted 
on  the  objective  end  of  the  telescope.  The  probable 
errors  rise  over  ±0".050  in  only  two  cases,  and  in  these 
there  were  especially  unfavorable  conditions.  With  the 
omission  of  these  two  .stars,  the  average  probable  error 
is  ±0".0320. 

An  investigation  of  magnitude  ecjuation  was  carried 
out  in  the  same  manner  as  for  Series  I,  e.xcept  that  the 
plotted  points  were  well  represented  by  a  straight  line; 
but  the  differences  of  magnitude  were  on  the  average 
only  one-third  as  much.  From  the  thirty-one  cases  for 
which  solutions  had  been  made  for  apparent  parallax 
of  comparison  stars,  one  was  omitted,  6  Centauri  at 
—  35°. 9  declination.  The  resulting  equations  were  as 
follows : 

From  comjiarison  stars,  30  pairs, 

Air  =  -0".0183  -I-  ()".()1()36     (14  Dm). 

From  comparison  with  other  authorities,  59  stars, 

A  TT  =  -fl".004t)  +  ()".()1418     (1^  Dm). 

The  obs3rved  parallaxes  were  corrected  by  means  of  the 
first  of  these  equations  before  they  were  entered  in  the 
comparison  with  other  authorities. 

RussELL-HiNKS,  (Russ.).  AdroHomical  Journal.  Nos. 
618,  619  (1910);  40  independent  parallaxes.  Photo- 
graiihic.  Comparison  stars  all  of  about  the  ninth  mag- 
nitude. 

Schlesinger-Slocum-Mitchell,  (Schl.).  Astrophy.v- 
cal  Journal,  Vol.  XXXIV,  p.  28  (19H)  1911);  A.^tro- 
nomische  Nachrichten,  No.  4709  and  4960  il914t;  54 
independent  i^arallaxes.     Photographic. 

.Ikwdokimov.  (Jdko.).  Aininlrs  de  I'Obs.,  .Vstr.  de 
ri'niv.  Imj).  de  Kharkow,  Tome  III.  (1912);  59  parallaxes. 
Meridian  transits  with  traveling  threads  fitted  with  driv- 
ing clock  but  driven  at  times  by  hand. 

Puircii.vun,  (Pr.).  Astr.  Ohsu.^i.  I'niv.  ()i)s.  ( txfonl, 
No.  l\.  Part  II  (1892);  28  parallaxes.  Photograpiuc. 
This  series  was  undertaken  mainly  to  determine  the 
par.-iUaxes  of  seconil-magnitude  slai-s  and  incidentally  to 
demonstrate    the   efficacy   of    the    photographic    method. 
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A  reflecting  telescope  was  employed.  Of  the  list  of 
twenty-eight  stars  there  are  twenty-five  that  occur  in 
the  Flint  II  list,  all  as  second-magnitude  stars,  and  of 
these  there  are  eighteen  stars  which  have  no  other  authori- 
ties. Previous  determinations  had  been  made  on  only 
two  of  Pritchard's  stars,  the  values  of  absolute  par- 
allax for  a  Ursce  Minoris,  and  the  well-known  value.?  of 
relative  parallax  for  61  Cygni. 

Pritchard  published  the  parallax  and  probable  error 
from  a  solution  made  with  each  comparison  star  .sepa- 
rately. The  simple  mean  of  the  several  values  of  par- 
allax for  a  given  star  was  adopted  here;  and  the  lowest 
probable  error  in  the  separate  .solutions  was  adopted, 
for  the  sake  of  simplicity,  as  the  observed  probable  error 
of  the  adopted  parallax  for  that  star. 

Abetti,  (Abtt.).  (Heidelberg,  1906— 1908)  ;Mmo77e del 
R.  Oss.  Astr.  al  Coll.  Rom.,  Ser.  Ill,  Vol.  V.,  Parte  II 
(1912).  Forty-one  independent  parallaxes.  Meridian 
transits  with  clock-driven  threads;  star  images  set  be- 
tween double  threads.  Otherwise  ths  instrument  the 
same  as  employed  by  Jost  in  his  series. 

Peter,  Leipzig.  Heliometer;  13  parallaxes,  (1892 — 
1908).  Results  taken  here  from  the  Kapleyn-Werstna 
Catalogue. 

Jost.  Heidelberg,  Vol.  IV  (1906);  29  parallaxes. 
Meridian  transits  with  fixed  vertical  threads. 

In  addition  the  following  authorities  were  included  in 
the  mean  values  of  parallax  for  individual  stars. 


No.  of 

No.  of 

No.  of 

Stars 

Stare 

Stars 

Auwers 

4 

Hussey              1 

Rambaut        2 

Barnard 

K\pteyn          10 

De  Sitter      2 

Belopolski 

Kapteyn  and 
De  Sitter      5 

H.  Struve     1 

Bergstrand 

KOSTINSKY           6 

TlKHOFF             1 

DOLLEN 

Krueger           3 

(Schliiter- 

Lau                     1 

WiLSING              1 

Wichmann) 

Mitchell          2 

WiNNECKE        1 

Gill 

(McCormick 

Zeipel            1 

Gill-Elkin 

Observatory) 

(Kostinsky) 

A.  Hall 

5 

The  total  numbers  of  parallax  values  from  each 
authority  that  enter  into  the  comparisons  for  the  several 
authorities  are  given  in  Table  IV.  as  the  sums  of  the 
column  m.     They  appear  also  in  Table  V.,  third  column. 

No  data  were  omitted  in  the  comparisons  of  authorities 
as  represented  in  Tables  II  —  VI,  and  the  accompanying 
plots,  except  in  accordance  with  the  first  and  fourth 
items  of  the  list  of  exceptions  in  the  preliminarj'  treat- 
ment of  Yale.  The  first  rule  was  applied  strictly  to 
Yale  and  Flint  I.     In  the  case  of  Flint  II  and  Russell, 


there  was  one  star  for  each  in  excess  as  to  probable  error, 
but  both  were  included.  In  the  case  of  Jewdokimov 
seven  out  of  the  fifty-four  stars  that  are  found  in  other 
authorities  have  probable  errors  in  excess  but  were  in- 
clud?d.  The  remaining  authorities  had  no  cases  of 
probable  error  greater  than  ±0".05.5. 

As  the  object  in  view  was  not  to  obtain  the  most  proba- 
l)le  mean  values  of  parallax  for  the  individual  stars,  l)ut 
to  obtain  for  each  authority  a  series  of  differences  from 
standard  mean  values  which  should  be  as  free  as  possible 
from  the  dominating  influence  of  any  one  authority,  the 
several  values  of  parallax  for  each  star  were  combined 
with  equal  weight.  Then  the  residuals  for  each  authority, 
in  the  sense  Mean  —  Authority,  were  collected  in  order 
of  right  ascension  and  group  means  computed  to  be 
plotted  for  evidence  of  systematic  error.  In  this  process 
regard  was  had  to  natural  divisions  due  to  gaps  in  the 
abscissae  (right  ascensions)  rather  than  to  the  even  dis- 
tribution of  the  stars  in  number  amongst  the  several 
groups. 

An  attempt  was  made  to  determine  from  the  average 
probable  errors  of  the  several  authorities  the  number  of 
differences  of  parallax  that  should  go  into  each  group 
mean  in  order  that  all  the  group  means,  as  between  sev- 
eral authorities,  should  have  approximately  the  same 
weight.  This  would  mean  that  all  the  points  in  the 
accompanying  plots  would  have  approximately  the  same 
probable  error.  The  average  of  the  observed  probable 
errors  for  the  ten  selected  authorities,  is  ±0".0278,  and 
the  general  average  of  the  number  of  authorities  that 
occur  on  a  single  star  may  be  taken  as  3.65.  Then  we 
may  express  the  general  probable  error  of  a  single  differ- 
ence of  parallax  values  in  the  discussion  as 


'V  = 


\/2.65 
3.65 


\/  \  2.65rr  -|-  (0.0278)= 


where  ?'i  is  the  average  probable  error  of  a  parallax  for 
the  given  authority.  But  the  consideration  of  gaps  in 
the  series  in  order  of  right  ascension,  for  a  given  authority, 
and  the  advisability  of  dividing  up  so  as  to  secure  a 
larger  count  of  groups  and  so  of  plotted  points  in  the 
case  of  an  authority  with  a  smaller  number  of  parallax 
differences,  led  to  considerable  modification  of  the  theor- 
etical numbers.  The  data  here  concerned  are  given  in 
Table   II. 


Full  Designations  of  Columns  of  Table  II 

1.  Authority. 

2.  Average  probable  error  of  a  single  observed  par- 
allax. 
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TABLE  II. 
JNIiscellaneous  Data  of  the  Comparisons. 


1 

2 

3 

4 

.5 

6 

7 

8. 

9 

10 

11 

12 

Prob.  Err. 

No.  of 

Prob.  Err. 

Theor. 

Adopted 

Pi.  Err. 

Pr.  Err.  of 

Pr.  Err.of 

No.  Res. 

No.  such 

Av.  Red. 

Authority 

Obs'd  Par. 

Auth. 

Diff. 

No. 

No.  Diffs. 

of  a  Point 

a  Diff. 

a  Point 

>2.79X 

RpsiduaLs 

to  Mean. 

(Formula) 

Diffs. 

(Formula) 

(Comp.) 

(Comp.) 

Pr.  Err. 

by  Theory 

of  Auths. 

Yale 

±0".0296 

2.90 

±0".0248 

10.0 

10.5 

±0".0076 

±0".0176 

±0".0054 

13 

6.9 

-0".O026 

Flint  I 

0380 

3.59 

302 

14.8 

7.2 

0113 

0338 

0126 

8 

3.5 

+      0183 

Flint  II 

0320 

2.59 

264 

11.3 

8.1 

0093 

0222 

0078 

11 

4.9 

+      0066 

Russell 

0248 

4.27 

219 

7.8 

3.6 

0115 

0274 

0144 

3 

1.8 

+      0165 

SCHLESINGER 

0131 

3.91 

156 

4.0 

4.6 

0073 

0168 

0078 

5 

1.9 

+      0120 

Jewdokimov 

0474 

3.65 

366 

21.7 

6.8 

0140 

0293 

0112 

4 

3.2 

-       0135 

Pritchard 

02.50 

3.14 

220 

7.8 

3.5 

0118 

0204 

0109 

3 

1.7 

-       0235 

Abetti 

0238 

3.86 

213 

7.4 

3.5 

0114 

0230 

0123 

2 

0.8 

-       0050 

Peter 

0112 

4.69 

143 

3.6 

3.2 

0083 

0179          0100 

1 

0.8 

-       0093 

J  GST 

Gen.  Avg. 

0332 

3.92 
3.652 

271 

11.9 

3.3 

±0  .0149 

±0  .0194  ±0  .0107 

2 

0.8 

-0  .0126 

±0".0278 

-0".00131 

The  total  number  of  stars  that  each  authority  has   in   common  with  other  authorities   may  be  seen  readily  in 
Table  IV  at  the  foot  of  the  column  m  for  the  respective  authorities;  also  in  Table  V,  3d  column. 


3.  Average  number  of  authorities  on  a  single  star, 
including  the  authority  named. 

4.  Approximate  average  probable  error  of  a  single 
reduction  to  mean  of  all  authorities  on  a  single  star.  By 
formula. 

5.  Theoretical  number  of  differences  to  one  group 
mean  or  plott:>d  jwint,  as  depending  upon  the  numbers  in 
column  4. 

6.  Adopted  number  of  differences  to  one  group  mean 
or  plotted  point. 

7.  Resulting  theoretical  probable  error  of  a  plotted 
point,  as  depending  upon  the  numbers  in  columns  4 
and  6. 

8.  Average  probable  error  of  a  single  reduction  to 
mean  of  all  authorities  on  a  single  star  computed  for 
each  list  of  individual  differences.  To  compare  with 
column  4. 

9.  Probable  error  of  a  plotted  point,  representing 
an  average  nimil)er  of  differences,  as  flcpending  upon  the 
numbers  of  colunui  S.     To  comixire  with  colunui  7. 

10.  Number  of  residuals  >  2.79  X  the  jirobable  error 
of  column  8;  where  the  residuals  are  the  differences  for 


each  authority  between  the  reductions  referreil  to  in 
column  8  and  the  general  mean  of  such  reductions  for 
that  authority. 

11.  Number  of  such  residuals  according  to  theory  of 
least  squares,  6  per  cent,  of  total  number. 

12.  General  average  reduction  of  absolute  paralla.xes 
to  the  mean  of  all  authorities  on  the  individual  stars. 

The  case  of  the  Yale  probable  errors,  as  noted  earlier, 
calls  for  further  remark.  The  larger  values  in  general 
are  excessive,  in  all  {irobability.  when  compared  with 
published  probable  errors  of  other  authorities.  These 
larger  values  appear  to  be  due  in  the  great  majority  of 
cases  to  a  "systematic  error"  so  called,  which  was  de- 
termined for  individual  stars  from  solutions  with  dif- 
ferent pairs  of  comi)arison  stars.  This  error  was  com- 
pounded with  the  probable  errors  resulting  from  the 
least  squares  solutions  and  the  resulting  number  ]iublislu'(i 
in  the  catalogue.  As  a  test  of  the  significance  of  lluse 
larger  and  smaller  probable  errors  in  relation  to  the 
parallax  values  thenL-^elves,  a  comparison  was  made  with 
Flint  II  alone  as  the  series  most  comparable  with  Yale. 
The  differences  Y  —  Fl.  II  were  written  out  in  two  series, 
one  for  stars  which  had  the  i)n)l)able  error  for  Y  ^ 
=»=0".025,  the  other  for  stars  which  had  the  ])rol>al)le 
error  for  Y  >  ±0".025.     Each  series  was  divided  into 
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four   groups   and   group   means  computed.     The   results 
are  given  in  Table  III. 

TABLE  III 

Comparison   of   Yale   with   Flint   II   as   a  Test   of  the 
Published  Probable  Errors  of  Yale 

Differences  of  Absolute  Parallaxes 


Yale  Prob.  Err.  ^  ±0".025 
Average  =  ±0".0160 

No.  of 


Yale  Prob.  Err.  >  ±0".025 
Average  =  ±0".0.391 


R..\. 

y.-FI.  II 

Sta 

3^77 

+0".O118 

6 

5  .95 

-   .0412 

5 

11  .64 

+  .0115 

6 

19  .06 

+  .0268 

5 

R.A. 

10  .29 
18  .86 
22  .24 


Total 


22 


Y.-Fl.  II 
+0".0160 
+  .0298 
+  .0247 
+     .0125 

Total 


No.  of 
Stars 

5 

6 
6 
6 

23 


The  large  negative  value  at  5''.95  happens  to  include  the 
largest  two  negative  individual  values:  —  0".120  for 
5  Orionis  and  — 0".110  for  a  Geminorum.  The  only 
parallax  values  for  the  former  are  Y.  —  0".064  and  Fl.  II 
+  0".056;  for  the  latter  Y.  has  +0".048  and  Fl.  II 
+  0".loO.  The  only  other  authorities  for  this  star  are 
Fl.  I  -0".135  and  Russ.  +0".108.  The  second  class 
of  Yale  stars  presented  above  does  not  seem  to  suffer  in 
comparison  with  the  first  class  as  regards  agreement 
with  Flint  II. 

The  group  means  from  the  comparisons  of  authorities 
are  given  in  Table  IV.  The  number  of  stars  included 
in  each  mean  is  indicated  by  m  and  the  aggregate  number 
of  parallax  values  in  each  group  by  n,  including  those  of 
the  authority  under  comparison.  The  totals  of  these 
numbers  for  each  sub-division  of  the  table  are  given 
below  their  respective  columns.  There  are  six  stars  on 
which  Fl.  I  and  Fl.  II  occur  together  along  with  other 
authorities,  but  the  mean  of  Fl.  I  and  Fl.  II  is  adopted  as 
a  single  authority  in  computing  the  mean.  There  are 
four,  stars  for  which  Fl.  I  and  Fl.  II  occur  together  and 
are  the  only  authorities.  In  all  of  these  ten  cases,  of 
course,  the  full  difference  of  parallax  values,  Mean  — 
Fl.  I  and  Mean  —  Fl.  II,  enter  along  with  the  differences 
for  other  stars  into  the  corresponding  group  means  of 
Table  IV. 


TABLE   IV 

Comparison  of  the  Individual  Authorities  with  the  Mean 
of  Several  Authorities  which  Occur  on  Each  Star  and 
with  Special  Authorities.     Group  Means. 


Yale 


With  all  Concurrent 
Authorities 

R.A.   Mean  —  Y.  m 

li'.26  -0".0003 

0040 


3  .20  + 

4  .66  + 
6  .47  - 
8  .84  + 

11  .81  - 

14  .77  - 

17  .35  - 

19  .73  - 

20  .79  - 
22  .96  - 


0100 
0088 
0135 
0132 
0059 
0088 
0120 
0016 
0065 


10 
10 
11 
10 
11 
10 
11 
10 
11 
10 
11 


30 
25 
37 
27 
24 
31 
27 
28 
37 
36 
31 


Omitting  Fl.  I,  Ru.ss., 
ScHL.,  and  Jdko.' 

R.A.  Mean  — Y.  m 

2'>.25  +0".0103 


3  .88  - 

5  .48  - 

7  .84  + 

9  .11  + 

11  .08  - 

13  .27  + 

16  .76  - 

19  .46  - 

20  .25  - 

21  .19  + 
23  .16  + 


0072 
0006 
0027 
0040 
0072 
0097 
0017 
0140 
0063 
0072 
0057 


13 

15 
17 
12 
12 
18 
13 
12 
15 
13 
18 
12 


115  333 


73  170 


Flint  I 


With  all  Concurrent 

Authorities 

With  Yale  Alone 

R.A. 

Mea 

i-Fl.  I 

m 

n 

R 

A. 

Y. 

-Fl.  I   m 

Oh.35 

-0".0020 

7 

29 

3» 

.38 

+0".0233  6 

3  .48 

+ 

0054 

7 

28 

7 

.83 

+ 

0489  7 

6  .62 

+ 

0505 

8 

26 

13 

.95 

+ 

0210  8 

9  .24 

+ 

0241 

7 

26 

17 

.54 

+ 

0227  7 

13  .75 

+ 

0299 

7 

21 

21 

.79 

+ 

0516  7 

16  .66 

— 

0309 

8 

17 

— 

18  .35 

+ 

0044 

7 

28 

35 

20  .41 

+ 

0676 

7 

33 

58  208 


Flint  II 

R.A. 

Mean 

-Fl.  II 

m 

n 

R.A. 

Y.  - 

-  Fl.  II 

m 

P.03 

+  0".0265 

8 

19 

1''.54 

-0".0155 

8 

3  .10 

+ 

0005 

8 

22 

4  .99 

+ 

0100 

7 

5  .50 

+ 

0149 

8 

21 

8  .09 

— 

0121 

8 

8  .38 

— 

0162 

8 

19 

12  .49 

+ 

0105 

8 

10  .71 

— 

0002 

8 

19 

18  .38 

+ 

0232 

8 

12  .44 

+ 

0001 

9 

20 

21  .21 

+ 

0294 

7 

15  .31 

+ 

0044 

8 

17 

— 

18  .54 

+ 

0224 

8 

32 

46 

20  .76 

+ 

0169 

8 

20 

22  .62 

0018 

8 
81 

21 
210 

'On  61  Cygtii  Pritchard  also  omitted. 
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Russell 


R.  A.     Mean-Ru.-?s. 


Qh.lS 

3  .85  + 

(7  .47  - 

10  .93  + 

12  .94  - 

15  .88  + 

17  .24  + 

18  .92  - 
22  .23  - 


0".0085 
0532 
052. 
0212 
0115 
0747 
0800 
0083 
0278 


4 
4 
1 
4 
4 
3 
3 
3 
4 


19 
19 

4) 
15 
13 

8 
11 
14 
25 


R.  A.        Y.  —  Russ      m 

Oh.OO     -0".0020     3 
3  .85     +       0400     4 


Pritchard 


R.  A.      Mean  -  Pr. 
0''.9S     +0".0103 


(7  .47  - 

11  .37  - 

15  .33  + 

18  .07  + 

22  .24  — 


060. 
0057 
0730 


1) 

3 

4 


0113     3 
0347     3 


21 


30    128 


R.  A, 


Schlesinger-Slocum-Mitchell 

Mean-Schl.      m        n  R.  A.        Y.  -  Schl.     m 


2  .43  - 

5  .91  - 

11  .36  + 

13  .80  - 

17  .91  - 

21  .17  - 

23  .92  - 


0270 
0170 
0095 
0220 
0090 
0740' 
0450 


3 
4 
3 
4 
3 
3 
4 
4 


10 

12 

9 

8 

6 

9 

23 

11 


R.A.   Fl.  Il-I'r. 
0''.64  -0".0598 


2  .43 
5  .91 

11  .21 

12  .79 
17  .86 
21  .98 


0312 

0480 

0080 

0253 

0668' 

0447 


4 
4 
3 
3 
3 
5 
8 

25 


28  88 


'Omitting  c  Cygni,  20''. 70, 
and  61  Cygni,  21^.04: 


21i'.46 


-0".0160 


-Omitting  e  Cygni,  20''.70: 


17M4       -0".040S 


Abetti 


0''.40 
3  .48 

+0' 

+ 

'.0194 
0382 

5 
4 

21 
18 

0''.41 
3  .55 

+  0' 

+ 

'.0427 
0103 

CO    CO 

R.A. 

Mean-Abtt. 

Hi 

n 

R.  A. 

Y.-Abtt. 

m 

7  .17 

— 

0262 

5 

16 

7  .35 

+ 

0045 

2 

6».56 

-0".0048 

4 

12 

5''.38 

+0".0295 

2 

13  .61 

+ 

0104 

5 

13 

13  .76 

+ 

0187 

3 

9  .93 

+   0200 

3 

12 

10  .04 

-   0105 

2 

18  .46 

— 

0102 

5 

22 

19  .50 

— 

0108 

4 

20  .09 

-   0438 

4 

10 

20  .09 

-   0257 

3 

20  .50 

+ 

0442 

4 

22 

22  .25 

+ 

0450 

4 

21  .24 

+   0187 

3 

20 

21  .09 

-   0270 

3 

21  .96 

+ 

0215 

4 

13 

— 

— 

— 

— 

19 


R.A.      Mean-Jdko. 


32    125 

Jewdokimov 
m        n  R.  A. 


0'>.30 
1  .77 
3  .51 
5  .27 

18  .30 

19  .68 

21  .30 

22  .92 


0".0051 
0033 
0263 
03()1 
0106 
0238 
0016 
0222 


28 
21 
25 
24 
26 
25 
33 
15 


2'>.23 

4  .60 

18  .91 

20  .83 

23  .38 


Y  —  Jdko.  m 

-0".0042  8 

-  0584  8 

-  0179  7 
+      01.52  6 

-  0079  8 

37 


54    197 


Flint  I  lias  a  numl)tT  uf  large  tlitVori'nce.s  for  indivitlual 
stars;  but  when  arranged  in  algel^raic  order  none  stand 
out  conspicuously  in  the  series. 

Rr.sSELL.  a  Cicminoritni,  7'"  47"",  stands  f|uit('  alone  in 
this  series,  as  regards  right  ascension,  with  a  gap  of 
2''.73  preceding  and  one  of  2''.90  following,  and  is  not 
included  in  a  group  mean.  Its  residual  reduction  is 
shown  in  the  plot  by  a  dot  enclosed  in  parentheses. 


14      54 


10 


R.  A. 

O'-.SO 

9  .12 

13  .77 

19  .97 


Mean -Pet. 

-0".0187 

-  0140 

-  0157 

-f      OHO 


3 
4 
3 
3 


Peter 

n 

12 
16 
10 
23 


R.  A.  Y.  -Pet. 

(7''.79  +0".0S0. 

13  .77  -       0030 

19  .97  +      0197 


1) 

3 

3 


13      61 


R.A. 

8''.26 
10  .55 

19  .67 

20  .90 


Mean  —  Jo.st. 

-0".0103 

-  0022 

-  0117 

-  0323 


JOST 
n 

7 
17 

7 
20 


R.  A. 

8''.26 
10  .75 
20  .22 


Y.  -  Jo.st, 

-0".0167 
-  (K)7() 
+      (t07S 


m 

3 
3 
4 

10 


13      51 


Jewdokimov  has  conspicuously  large  values  on  two 
stars:  Lai.  6889  prec,  S"- 67"-,  41'.2,  ;tx=l".38,  Mean 
-Jdko.  =  -0".178:  and  85  Pcgasi,  23''.95.  2(i°.(;.  m  = 
1".30,     Mean  -  Jdko.=  -0".177. 
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Pritchard  has  conspicuously  large  values  on  three 
stars : 

Parallax  Star  R.  A.  Docl.      Trop.  Mot.     ]Mean-Pr. 

M  CassiopeicE  P.OS        54°.4        3".75         +0".064 

e  Cmni  20  .70         33  .6         0  .49         -0  .141 

61  Cijgni  21  .04        38  .3        5  .25         -0  .123 

The  average  reduction  of  Pr.  to  the  mean  of  all  authori- 
ties is  —  0".0235.  If  this  is  adopted  as  the  mean  sj-s- 
tematic  difference  for  Pr.,  then  the  reductions  peculiar 
to  these  three  stars  become  +0".088,  -0".118,  and 
—  0".100  respectively.  Pritchard  has  a  large  deviation 
near  21''  due  to  the  second  and  third  of  these  stars.  It 
should  be  noted,  however,  that  on  e  Cygni  he  meets  a 
curious  combination  of  three  negative  values  of  parallax 
from  other  authorities:  Fl.  I,  -0".175;  Fl.  II,  -0".038; 
Jdko.,  — 0".05.  Thus  the  aberration  here  appears  to  be 
theu's  and  not  Pritchakd's.  The  only  value  of  parallax 
in  Pritchard's  list  that  appears  decidedh*  abnormal,  is 
that  for  61  Cygni  on  which  he  has  the  highest  value 
amongst  the  fifteen  selected  authorities.  Whatever  the 
influence  at  work  in  his  determination  of  this  parallax,  it 
happily  was  such  as  to  offset  exactly  the  low  value  from 
Flint  I  and  so  preserve  the  integrity  of  the  general 
mean  for  the  star.  There  is  evidence,  however,  as  noted 
in  previous  publications,  that  there  are  material  errors 
in  his  published  equations,  and  it  is  very  desirable  that 
they  be  revised. 

In  the  accompanying  plates,  Figs.  2  et  seg,  are  showoi 
the  plots  of  the  group  means  of  Talile  IV,  and  the  curves 
draMai  to  represent  them  or  straight  lines  drawn  to  con- 
nect them.  To  assist  the  reader  to  judge  the  nature  of 
the  variations  in  the  first  or  full  lines,  two  short  horizon- 
tal lines  are  drawii  near  the  ordinate  at  0*"  of  right  as- 
cension. The  distance  apart  of  these  lines  is  equal  to 
twice  the  approximate  probable  error  of  a  single  plotted 
point  for  the  given  authority  as  given  in  Table  II,  col- 
umn 9.  The  reader  must  note,  with  reference  to  the 
text  and  plots,  that  the  terms  "high"  and  "low"  apply 
not  to  parallax  values  themselves  but  to  their  reductions 
to  a  mean  of  authorities  or  to  one  other  authority. 
Abetti,  Peter  and  Jost  are  omitted  .here  as  less  im- 
portant, owing  to  the  smallness  of  their  lists  of  stars 
and    the  large  gaps  in  their  scries  of  right  ascensions. 

The  Yale  parallaxes  are  of  such  number  and  were  found 
in  the  investigation  to  be  of  such  excellent  quality  that  it 
seemed  desirable  to  exhibit  also  a  comparison  of  each  of 
the  other  authorities  with  Yale  alone.  The  group  means 
of  these  differences,  in  the  sense  Yale  —  Authority,  are 
given  in  the  second  division  of  Table  IV  imder  each 
authority.  In  the  case  of  Pritchard,  there  are  only 
four  stars  in  common  with  Yale,  while  twenty-five  stars 


of  his  twenty-eight  stars  are  found  in  Flint  II,  all  from 
1.8  to  2.6  in  magnitude.  Accordingly  in  this  second 
comparison  the  differences  are  Flint  II  —  Pritchard. 
In  the  column  m  as  before,  is  indicated  the  number  of 
stars  that  enter  mto  each  group  mean.  The  differences 
Mean  —  Authority  are  represented  in  the  plots  by 
circular  points  connected  by  full  lines  and  the  differ- 
ences Yale  —  Authority  by  square  points  connected 
by  broken  lines. 

A  further  simple  device  was  employed  as  a  test  whether 
the  apparent  systematic  deviations  of  an  authority  are 
real.  It  might  be  expected  that  an  occasional  wild 
value,  due  to  some  interfering  factor  acting  through  a 
small  extent  of  the  abscissse  of  reference,  as  the  right 
ascensions,  would  occur  in  any  given  series  of  observed 
quantities.  But,  if  such  a  series  be  divided  into  two 
alternate  series,  one  of  the  odd-numbered  values,  the 
other  of  the  even-numbered  values,  and  still  the  devia- 
tions of  the  one  series  coincide  sensibly  with  those  of  the 
other,  the  probability  is  very  strong  that  the  deviations 
are  real  and  systematic;  and  this  qualitative  test  re- 
quires no  knowledge  of  the  probable  errors  involved. 
Accordingly  a  second  set  of  plots  are  shown,  the  first  of 
which  is  Fig.  5,  for  the  six  authorities  which  have  the 
larger  series  of  values,  beginning  with  Flint  I.  The 
group  means  for  the  one  series  are  represented  by  circular 
points  connected  by  full  lines,  and  those  for  the  other 
series  by  square  points  connected  by  open  lines. 

The  Yale  parallaxes  form  an  admirable  example  of 
the  value  of  a  long  series  of  determinations  carried  on 
persistently  under  similar  conditions  of  physical  sur- 
roundings, method,  and  care.  They  are  also  well  dis- 
tributed around  the  heavens  in  right  ascension  and 
between  the  equatorial  region  and  within  about  15°  of 
the  pole.  The  plot  (Fig.  2)  exhibits  a  remarkably  close 
agreement  with  the  means  of  all  authorities  and  very 
small  departure  of  the  ordinates  from  the  zero  line. 
These  suggest  a  remaining  systematic  difference,  perhaps, 
in  the  intervals  2'>  -  lO*"  and  12'>  -  22h;  but  these 
slight  deviations  appear  to  have  no  relation,  in  phase, 
maxima  and  minima,  to  the  corrections  of  Table  I. 

Flint  I  and  Russell  exhibit  the  greatest  oscillations 
m  their  reductions  to  mean  of  authorities,  indicating 
some  irregular  causes  of  variation,  yet  common  to  sev- 
eral stars  in  particular  regions  of  right  ascension.  The 
former,  however,  shows  a  marked  improvement  when 
compared  with  Yale  alone  on  the  thirty-five  stars  in 
common.  This  is  most  evident  in  the  interval  14''.0 
to  4''.0.  In  the  plots  for  the  two  alternate  series  the  two 
lines  for  Flint  I  rise  and  fall  together  in  fair  agreement. 
The  same  is  true  of  Russell  except  for  the  sharp  rise  in 
the  second  line  at  17'".  This  is  due  to  the  fact  that  the 
highest  two  reductions  happen  to  fall  together  in  the 
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second  series.  One  of  these,  +0".170,  is  a  difference 
from  Flint  I  alone  and  appears  especially  abnormal, 
since  the  next  highest  two  are  +0".071  and  +0".064. 
The  omission  of  the  highest  two  values,  however,  does 
not  change  materially  tlie  character  of  the  first  plot, 
that  for  Russell's  single  list  (Fig.  8),  where  the  tri- 
angular point,  at  16^.7,  represents  the  group  mean  of 
the  four  stars  remaining  in  the  two  consecutive  groups 
after  omitting  these  two  highest  values. 

Flint  II  shows  a  maiked  improvement  over  Flint  I, 
l)oth  as  regards  the  average  departure  from  the  zero  line  and 
also  as  regards  the  differences  between  the  successive 
points.  There  seems  to  be  a  tendency  to  larger  irregu- 
larity from  20''  to  4*'.  The  lines  of  comparison  with 
Yale  follow  those  of  comparison  with  all  authorities 
verj-  closely,  with  small  departures  above  and  below 
from  20''  to  4''.  In  the  plot  for  the  two  alternate  series 
the  two  lines  follow  each  other  closely  or  depart  in  small, 
well-balanced  oscillations. 

ScHLESiNGER  exhibits  unexpected  differences  in  the 
relative  positions  of  his  group  means.  The  probable 
error  of  a  single  plotted  point  is  ±0".0078,  according  to 
Table  II,  while  the  largest  and  smallest  ordinates  of  the 
points  algebraically  are  +0".046  and  -0".027  respectively, 
with  a  range  of  0".073  or  8.5  times  the  probable  error. 
The  comparisons  with  Yale  alone  follow  the  first,  or 
full  line,  plot  in  a  general  way,  with  a  diminution  of  the 
range  in  the  ordinates  to  0".0o4.  It  seems  apparent 
that  there  is  on  the  whole  a  marked  elevation  of  the 
plotted  points,  through  the  interval  from  20''  to  4''  and  a 
<lepression  through  the  remaining  hours.  The  lines  of 
the  plot  for  the  two  alternate  series  follow  each  other 
very  well  and  confirm  the  characteristics  of  the  first  plot. 

.Iewdokimov,  in  his  limited  extent  in  right  ascension, 
appears  to  be  subject  to  somewhat  larger  oscillations  and 
to  have  a  marked  descent  from  22''  to  5''.  The  lines  of 
the  plot  for  the  two  alternate  series  agree  fairly  well 
with  each  other  in  their  direction  through  the  successive 
hours,  with  the  curious  feature  that  the  second  line  runs 
below  the  first  by  a  sensible  difference  throughout. 

Pritchard  makes  a  very  fair  showing,  even  at  first 
sight.  There  is  a  marked  depression  i^j  the  interval 
15''  —  22'";  but,  if  the  two  peculiar  values  noted  above, 
those  for  «  Cygni  and  61  Cygni,  be  omitted,  the  con- 
sistency of  the  plotted  points  becomes  at  least  as  good 
as  for  the  average  of  the  selected  authorities.  Two 
group  means  are  changed  by  these  omissions  and  have 
their  consequent  values  represented  in  the  plot  by  the 
two  triangular  points,  while  the  changed  connections 
are  shown  by  means  of  the  dash-and-dot  lines.  In  the 
second  plot,  that  for  Fl.  II  —  Pr.,  the  low  point  at 
17''.86  is  due  first  to  the  abnormally  low  value  of  parallax 
for  «  Cygni  from  Flint  II,  as  already  noted,  and  second. 


to  a  low  value  from  Flint  II  for  y  Cygni,  20''.31,  39°.9. 
Here  Yale  occurs  also,  and  the  only  values  of  paralla.x 
for  this  star  are  Y.  +  0".121,  Fl.  II  -0".018.  Pr. 
+0".108.  The  reduction  of  Pritchard  to  Yalk,  there- 
fore, on  this  star  is  only  +0".013.  61  Cygni,  on  which 
Pritch.\rd  has  such  a  high  value,  does  not  occur  in 
Flint  II.  Here  again  the  group  mean  a,s  changed  l)y 
the  omission  of  e  Cygni  is  represented  by  a  triangular 
point  and  the  consequent  connections  are  showii  by 
means  of  da.sh-and-dot  lines.  The  plots  for  the  two 
alternate  series  show  a  good  agreement  throughout, 
although  there  are  only  from  two  to  three  stars  included 
in  each  point.  The  depressions  at  20''  and  22''  are  due 
mainly  to  the  peculiar  reductions  to  means  of  authorities 
for  e  Cygni  and  61  Cygni  which  have  already  been  noted 
in  connection  with  Table  IV  and  which  happen  to  enter 
here  in  different  series.  As  above,  the  group  means  which 
are  changed  by  the  omission  of  these  two  stars,  are  rep- 
resented by  triangular  points  and  the  new  connections 
by  dash-and-dot  lines. 

Abetti's  low  ordinate  at  20''  —  21''  seems  to  be  real. 
The  inilividual  numbers  for  the  four  stars  that  make  up 
the  group  are  -0".036,  -0".005,  -0".028  and  -0".106. 
Yale  occurs  on  all  of  these  stars,  and  the  corresponding 
differences  from  Y.\le  alone  are  — 0".011,  — 0".011, 
-0".055  and  -0".136.  The  fourth  star,  showing  the 
largest  difference  is  tj  Cephei,  20''. 72,  61°. 5. 

Peters'  refined  determinations  make  an  excellent 
showing  in  these  comparisons.  The  number  of  stars  is 
small  but  the.y  are  distributed  over  the  twenty-four 
hours  with  two  considerable  gaps,  which  occur  from 
li-.O  to  7''.8  and  from  \'V'.9  to  19\3. 

,IosT  likewise  has  a  drop  at  21'',  which  seems  to  be 
real.  The  three  individual  differences  that  make  up 
this  group  are  -0".018.  -0".002,  and  -0".069.  Yale 
occurs  on  only  the  first  two  of  these  stars;  the  reductions 
to  Yale  are  -0".035  and  -0".008.  The  third  star  is 
T  Cygni,  21''.18,  37°.6.  and  the  v.alues  of  parallax  for  the 
three  authorities  on  the  star  are  Abtt.  -|-0".038,  Schl. 
-fO".011.     Jost   -h0".128. 

In  Table  II,  last  column,  is  given  for  each  authority 
the  average  reduction  to  the  mean  of  all  authorities. 
This  is  the  siin]ile  mean  oi  the  list  of  tlifferences  for  the 
individual  stars  which  enter  into  the  group  means  i)re- 
sented  in  the  second  column  of  each  division  of  Table  W. 
The  same  numbers  are  given  in  the  first  division  of 
Table  V,  but  in  order  of  algebraic  magnitudf.  In  the 
second  division  is  given  the  corresponding  average  re- 
duction to  Yale  but,  of  course,  with  a  let^s  numh(>r  of 
stars  for  each  authority.  In  the  case  of  Phitiiiaiui, 
who  has  only  five  stars  in  common  with  Yale,  the  nnluc- 
tion  was  obtained  through  I'l.ixr  II  as  follows: 
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Fl.  II.  -  Pr.       =  -0".04:31 
Y  -  Fl.  II  =  +0  .0071 


25  stars 
46  stars 


Whence 


Y  -  Pr.       =  -0".0;360 


For  three  of  the  authorities  the  number  of  stars  in  com- 
mon with  Yale  is  too  small  to  give  any  meaning  to  the 
apparent  reductions.  In  the  case  of  Peter,  for  instance, 
who  has  the  largest  change,  an  examination  showed  that 
it  is  due  to  a  chance  distrilaution  of  the  individual  par- 
allaxes, larger  and  smaller,  as  between  the  stars  that 
are  in  common  with  Yale  alone  and  those  that  are  in 
common  with  other  authorities.  The  signs  and  com- 
parative magnitudes  of  the  numbers  in  the  second  col- 
umn agree  well  with  the  judgments  formed  from  an 
inspection  of  the  diagrams.  These  numbers  should  be 
an  approximation  to  the  average  systematic  corrections 
of  the  respective  authorities.  An  inspection  of  the 
diagrams  show  that  these  numbers,  with  four  exceptions, 
are  of  no  affirmative  significance  inasmuch  as  they  are 
affected  so  largely  by  the  accidental  or  systematic  oscilla- 
tions of  the  successive  group  means.  The  exceptions  are 
Pritchard,  Jost,  Russell  and  Flint  I,  for  all  of  which 
the  averages  appear  to  be  real. 

The  differences  given  in  the  last  column  are  theoreti- 
cally the  reduction  of  Yale  to  the  mean  of  all  authorities, 
as  deduced  from  the  comparisons  for  the  individual 
authorities.  These  cannot  be  expected  to  exhibit  much 
apparent  consistency  since  they  are  so  small;  but  the 
simple  mean  of  the  ten  numbers  is  —  0".0039,  while  the 
original  value  of  Mean  —  Yale  is  —  0".0026,  as  given 
in  Table  V  and  in  the  last  column  of  Table  II. 

TABLE    V 


Auth. 


Reduction  to 
Mean  of  All 


No. 

Stars 


Reduction 
to  Yale 


No. 
Stars 


2d  Column  — 
4th  Column 


Pr. 


-0".0235        28     -0".0360     25,46     -f0".0125 


Jdko. 

— 

0135 

54 

— 

0162 

37 

+ 

0027 

Comparison  ( 

3t  feCHLESI 

NGER  With 

the  Mean 

Dt  the  J 

Jost 

— 

0126 

13 

— 

0040 

10 

0086 

Self-Consistent  Authorities 

Peter 

- 

0093 

13 

+ 

0186 

7 

— 

0279 

R.  A. 

Mean 

—  ScHL. 

m 

n 

Abtt. 

— 

0050 

14 

— 

0120 

10 

+ 

0070 

0''.40 

+0 

'.0148 

5 

12 

Y. 

— 

0026 

lib 

0000 

115 

— 

0026 

3  .48 

+ 

0342 

4 

12 

Fl.  II 

+ 

0066 

81 

+ 

0071 

46 

— 

0005 

7  .60 

0130 

4 

11 

Schl. 

+ 

0120 

32 

+ 

0190 

19 

— 

0070 

13  .59 

+ 

0140 

4 

9 

Russ. 

+ 

0165 

30 

+ 

0142 

21 

+ 

0023 

18  .35 

0142 

4 

10 

Fl.  I 

+ 

0183 

58 

+ 

0354 

35 

— 

0171 

20  .50 

21  .96 

+ 
+ 

0428 
0160 

4 
4 

18^ 

11 

Mean 

-0".00131 

-F0".00261 

-0".00392 

An  inspection  of  the  diagrams  shows  that,  if  e  Cygni 
and  61  Cygni  be  omitted  from  Pritchard's  series,  there 


remain  four  authorities  that  ajipear  to  be  subject  to 
marked  variations  of  the  ordinates,  and  that  may  be 
regarded  as  disturbing  memb(!rs  of  the  group  of  authori- 
ties. These  are  Flint  I,  Russell,  Jewdokimov,  and 
ScHLESiNGER.  The  photographic  method,  as  applied 
by  the  last  named,  seems  so  promising  and  is  probably 
to  be  applied  so  extensively  in  the  immediate  future,  as 
to  make  it  of  special  interest.  It  seems  desirable,  there- 
fore, to  compare  Schlesinger  with  the  mean  of  all  the 
remaining  authorities  after  omitting  the  three  others 
named  above.  The  results  are  given  in  Table  VI  and 
a  plot  of  the  differences,  Mean  —  Schl.,  in  Fig.  10  by 
means  of  the  triangular  points.  In  the  second  division 
of  the  table  are  shown  the  individual  differences  arranged 
in  order  of  algebraic  magnitude.  There  appear  to  be  no 
marked  irregularities  in  the  progression  of  these  differ- 
ences. Yet  the  plot  shows  substantially  the  same  large 
oscillations  in  the  ordinate  as  exhibited  in  the  three 
previous  plots  for  this  authority,  those  of  comparison 
with  the  mean  of  all  authorities,  with  Yale  alone,  and 
between  the  alternate  series.  A  table  of  corrections  read 
from  a  smooth  curve  drawn  to  represent  the  plot  of  com- 
parisons with  the  mean  of  all  the  selected  authorities 
was  constructed  for  the  Schlesinger  parallaxes.  The 
writer  would  not  present  it  yet  as  fully  established,  but 
it  may  be  of  interest  to  the  reader  to  have  here  the  maxi- 
mum and  minimum  values  of  the  table.  These  are  as 
follows : 


Maxima 
0i>-|-0".039;     14i'-F0".011 


Minima 
7h-0".029;    18>'-0".011 


The  conclusion  seems  unavoidable  that  these  finely 
determined  parallaxes  are  subject  to  considerable  sys- 
tematic error. 

TABLE   VI 


29 


83 


'  On  61  Cygni,  Pr.  also  omitted. 
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Individu.^l  Differences,  Mean- 
R.  A. 

IQh.S 

9  .1 
18  .0 

1  .0 
22  .0 
22  .4 

6  .9 

7  .8 
0  .0 

12  .7 

3  .9 
20  .6 
18  .7 

0  .0 


-SCHL.   I.V    Al.OEBU.MC   OllDER 
R.  A. 


-0".039 

17''.4 

-      033 

13  .7 

-      030 

23  .7 

-      013 

3  .0 

-      013 

13  .1 

-      Oil 

14  .9 

-      010 

0  .2 

-      007 

21  .0 

-0'  .002 

1  .1 

000 

22  .2 
21  .2 

+      001 

+      002 

3  .7 

+      004 

19  W 

+  0  .007 

3  .3 

i         20  .7 

+0" 

+ 
+ 
+ 
+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 
+ 

+  0 


.008 
014 
019 
020 
020 
022 
02.5 
03.j 
036 
040 
048 
0.-)3 
0.59 
063 
.07") 


While  parallax  dot orminat ions  by  any  method  are 
more  or  less  liable  to  the  occurrence  of  almormal  results 
that  appear  discouraging,  tin-  author,  upon  comjileting 
this  comparison  of  measured  i)arallaxes,  feels  a  largely 
increased  confidence  in  the  general  value  of  all  the  methods 
hitherto  applietl  to  the  measurement  of  relative  i>arallax. 

SuMM.\RY  OF  Principles  .\nd  Method 

The  present  investigation  is  liased  upon  a  comparison 
of  each  of  several  parallax  authorities  having  a  larger 
number  of  determinations,  with  the  mean  of  all  of  a 
number  of  selected  authorities,  as  they  happen  to  occur 
on  indivichial  stars. 

The  purpo.se  is  to  test  the  ])riiu-ipal  authorities  in 
regard  to  both  average  and  variable  systematic  error, 
but  especially  the  lader.  willi  nference  to  a  .series  in 
right  ascension. 
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The  original  parallax  results  of  the  several  authorities 
are  adopted,  except  for  three  of  the  authorities.  For 
Yale,  they  are  corrected  for  a  small  systematic  error, 
varj'ing  with  the  right  ascension  (Table  I).  For  Flint  I 
and  Flint  II,  they  are  corrected  for  a  personal  error  clue 
to  difference  of  apparent  magnitude  .between  parallax 
star  and  mean  of  comparison  stars;  but  the  correction 
in  the  case  of  the  latter  authority  is  very  small. 

The  individual  reductions  of  each  authority  to  the 
mean  of  all  are  grouped  in  mean  values,  with  regard  to 
gaps  in  the  series  of  right  ascensions  as  natural  divisions 
between  the  groups.  (Table  IV.)  These  group  means 
are  represented  in  a  series  of  plots  with  right  ascensions 
as  abscissae. 

A  similar  comparison  is  made  next  with  Yale  alone  as  a 
single  standard  because  of  its  small  deviations,  the  large 
number  of  its  stars  in  common  with  the  other  authorities, 


and  the  good  distribution  of  its  stars  over  the  twenty- 
four  hours  of  right  ascension.  These  differences  are 
represented  by  parallel  plots  in  the  same  diagrams  with 
tlie  preceding  sets  of  differences. 

As  a  further  test  the  series  of  differences  —  reductions 
to  mean  of  authorities  —  for  each  authority,  is  divided 
into  two  alternate  sub-series,  one  of  the  odd-numbered 
values,  the  other  of  the  even-numbered  values.  The 
group  means  are  plotted  in  a  second  parallel  series  of 
diagrams  and  confirm  the  marked  variations  on  the 
part  of  certam  authorities. 

Dependence  is  placed  on  a  fair  distribution  in  right 
ascension  of  the  stars  on  which  any  authority  occurs 
with  other  authorities,  and  also  on  the  fair  distribution 
of  the  authorities  among  the  stars  of  the  several  groups. 
The  character  of  each  distribution  may  be  inferred  from 
the  numbers  in  columiLS  R.  A.,  ?/t,  and  n,  of  Table  IV. 
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Conclusions 

L  Parallaxes  observed  with  the  heliomctcr  are  liable 
to  variable  systematic  error  rLsing  to  somewhat  more 
than  the  probable  error  of  their  better  (lettrminod  values 
or  over  twice  that  of  their  most  refined  values. 

2.  Parallaxes  observed  with  the  heliometer,  with 
sueh  correction  as  may  be  reciuired  by  tlic  iircccding 
consideration,  are  superior  as  regards  both  constant  and 
variable  systematic  error. 

3.  Parallaxes  determined  i)y  the  method  of  meridian 
transits,  especially  with  the  aid  of  the  traveling  thread, 
and  graduated  screens,  are  but  little  inferior  to  the  re- 
sults of  heliometer  observations  a.s  regards  both  con- 
stant and  variable  systematic  error. 

4.  Recent  photographic  determinations,  although  the 


most  refined  of  all  as  regards  individual  parallax  stars, 
are  subject  to  variable  systematic  errors  as  large  as  those 
that  occur  in  results  obtained  by  the  method  of  meridian 
transits  under  less  guarded  conditions  for  the  latter. 
These  errors  of  the  photographic  method  rise  to  three 
times  their  probable  error  of  a  single  determination  of 
parallax. 

5.  The  Y.\LE  parallaxes,  because  of  their  general 
consistenc}',  number,  and  wide  and  uniform  distrii)ution, 
shoukl  be  adopted  as  a  standard  by  which  to  test  future 
series  of  determinations  in  the  northern  hemisphere. 

6.  The  V.\I>F,  oiiservatioiis  siiDuid  be  cont  iiiucil.  under 
the  same  general  conditions  as  hitherto,  in  order  also  to 
furnish  contemporary  results  for  comparison  with  other 
future  series. 
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7.  Similar  heliometer  determinations  should  be  main- 
tained in  the  southern  hemisphere. 

8.  In  order  to  test  further  the  parallax  values  ob- 
tained by  all  the  methods  of  promise,  especially  by  the 
heliometer,  the  filar  micrometer,  meridian  transits,  and 
photography,  some  observations  by  all  of  these  methods 
should  be  maintained  at  or  near  the  same  stations  so  as 
to  obtain  the  closest  similarity  of  conditions  climatic, 
atmospheric,  and  in  other  respects. 


Plots  of  Comparisons  Between  Authorities 

Fig.  1.     Yale.     Standard   parallaxes   for   determining 
the  variation  with  right  ascension,  212  stars  in  18  groups. 


Fig.  2.     Yale.     Reduction  to  mean  of  all  authorities, 
11.5  stars  in  11  groups. 

Fig.  3.     Yale.     Reduction  to  mean  of  all  authorities 
except  Fl.  I,  Russ.,  Schl.,  and  Jdko.,  73  stars  in  12  groups. 

Fig.  4.     Flint  I.     Reduction  to  mean  of  all  authori- 
ties, 57  stars  in  8  groups,  O ;    to  Yale 


alone,  35  stars  in  5  groups,   n . 

Fig.  5.     Flint  I.     Reduction    to    mean    of     all.     In 
alternate  series. 

Fig.  6.     Flint  II.     Reduction  to  mean  of  all  authori- 
ties, 80  stars  in  10  groups, ;  O  to  Yale 

alone,  46  stars  in  6  groups,  n -. 
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Fig.  7.     Flint  II. 
temate  series. 


Reduction  to  mean  of  all.     In  al- 


Fig.  8.     Russell.     Reduction  to  mean  of  all  authori- 
ties, 30  stars  in  8  groups,  O ;   to  Yale 

alone,  21  stars  in  6  groups,  n . 

Fig.  9.    Russell.    Reduction   to   mean   of    all.      In 
alternate  series. 

Fig.  10.     Schlesixger-Slocum-Mitchell.     Reduction 

to  mean  of  all  authorities,  29  stars  in  8  groups,  O ; 

to  Yale  alone,  18  star  in  6  groups,  n ■  ; 

to  mean  of  all  omitting  Fl.  I,  Ru-ss.,  and  Jdko.,  26  stars  in 
8  groups,  A  —  o  —  o  -^  . 

Fig.  11.     Schlesinger-Slocum-Mitchell.     Reduction 
to  mean  of  all.     In  alternate  series. 

Fig.  12.     Jewdokimov.     Reduction    to    mean    of    all 

authorities,    .54   stars   in   8   groups,  O r ;    to 

Yale  alone,  37  stars  in  o  groups,  n . 

I'ig.  13.     Jewdokimov.     Reduction    to    moan    of    all. 
In  alternate  series. 

Waahhum  Observatory,  Mailison,  Wisconsin,  WW,  May. 


Fig.  14.     Pritcbl^rd.     Reduction     to     mean     of     all 

authorities,  28  stars  in  8  groups,  O ;  omitting 

e  Cygni,  20''.70,  and  61  Cygni,  21''.04,  26  stars  in  8  groups, 

A ;   to  Fl.  II  alone,  25  stars  in  6  groups, 

n ;  omitting  e  Cygni,  24  stars  in  6  groups, 

A  —0—0—. 

Fig.  15.  Pritchard.  Reduction  to  mean  of  all.  In 
alternate  series.  Omitting  «  Cygni  and  61  Cygni,  changes 
indicated  in  same  manner  as  in  Fig.  14. 

Note.  The  pair  of  .short  horizontal  hues  across  the  zero  ordinate 
in  the  first  plot  for  each  authority  are  distant  apart  by  twire  the 
average  probable  error  of  a  point  in  the  plot.  These  probable  errors 
were  computed  for  the  respective  authorities  from  tlieir  lists  of 
differences  from  the  means  of  all  authorities  on  the  individual  stars. 

In  the  making  of  the  plates  for  the  original  drawings,  sensible 
chanpes  have  occurred  in  the  intervals  in  certain  cases.  The  re- 
quirctl  corrections  to  the  several  authorities  represented  are  iu« 
follows: 

Y.  -0".00:?4  ScHL.  +0".OO23 

Fl.  I  +     .001  t  Jdko.  -     .(X)()S 

Fl.  II         +     .0003  Pr.  -     .OO-!-' 

Russ.  -I-     .0034 
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